1 7 MAY 2005 SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NGTTHE ASAREDS
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a sem conductor device having a circuit constructed
by thin-filmtransistors (hereinafter referred to as "TFT") , and a net hod
of manufacturing the sem conductor device. For exanple, the present
invention relates to an el ectrooptical device represented by a liquid

-crystal display panel and i ui i.n._which such an

el ectrooptical device is n%%%@%%ﬂggﬁgﬁgﬁFﬁﬁﬁﬂﬁ:fﬁpé specification, the
sem conduct or device a _gener evice that functions by using
sem conduct or char ac?@ﬁg{ﬁ{[ ch,% z&ﬁ“&‘%ﬁ IUMGOGEH){[EI SAMEevi ce, a
sem conductor circuit and electronic equi pnent are defined as a
sem conductor device. 2. Description of the Related Art Recently, nuch
attention_has been paid to a technique of formng a thin filmtransistor
(TFT) by : PLoRABIRVENTEON fi1m (having a thickness of about
several to several _hundreds_nm formed on a substrate having an insul ating
surface. 1The tht®ldi?h HrankreedFitas been widely applied to electrical

devices such as IC, an el ectrooptical device, etc. , and particularly
devel opnent s t oF HpFHTEIGE ERVENGLON EraASESt e alsemiconductor device

having a c¢ircuit constructed by thin-film transistors
(hereinafterreferredtoas "TFT" )}, andamethod of manufacturing
the semiconductor device. For example, the present invention
relates to an electrooptical device represented by a liguid
crystal display panel and electronic equipment in which such
an electrooptical device 1is mounted as a part.

In this specification, the semicondqctor device means
a general device that functions by using semiconductor
characteristics, and anelectrooptical device, a semiconductor
circuit and electronic equipment are defined as a semiconductor
device.
2. Description of the Related Art

Recently, much attention has been paid to a technique
of forminga thin film transistor (TFT) by using a semiconductor
thin film (having a thickness of about several to several
hundredsnm)formedcniasubstratehavinganinsulatingsurface.
The thin £ilm transistor has been widely applied toc electrical
devices such as IC, an electroeoptical device, etc., and

particularly developments to apply the thin £ilm fransistor



1 7 MAY 2005 to a switching el enent of an image display devinThﬂgg men
rapidly required. Aliquid crystal display device is well known as an inmage
di spl ay device. The active matrix type liquid crystal display device has
been nore frequently used than the passive type liquid crystal display
devi ce because higher-definition i mages can be provided by the active
matrix type liquid crystal display device. In the active matrix type
liquid crystal display device, a display pattern is forned on a screen by
driving piket swliechiinderlemrehgell #n tnaeerdkspbam dapiecshecefbeanly, a
voltage is applied across a selected pixel electrode and a counter
el ect roder YOEeHEL TP sel ected pixel electrode to optically nodul ate a
liquid crystal |ayer disposed between the pixel electrode and the counter
el ectrode, so thataulie epyital dianlantdesn desisetsddnkrewnass andisayay
pattern by a viewer. Such active matrix type liquid crystal devices have
been wi dElsplredavigmr 8hei aetsvefnetdsy twpe ddiqudm yriykéalladyep haea
design of a screen size, but also high definition, high nunerical aperture
and hi gh detiabhbstbeadesoga firasiuseerl y nsedadiangtlye paequiveadpeAl i rhiedsane
time the enhancenent of the productivity and the reduction in
manuf act wivetebsiisplay bdeniad svecanse casghgtydedtinitedn WhaegedFdans
formed by using aluminumas a gate wiring mnmaterial for TFT, nalfunction of
TFT and degmadatided iy HRE achdnacmartirdtk cgpar @igatgedrhyth0rangpoayof
proj ections such :

device. In the activematrix type liguid crystal display device,

a displdy pattern is formed on a screen by driving pixel
electrodes arranged in a matrix form. More specifically, a
voltage is applied across a selected pixel electrode and a
counter electrode confronting the selected pixel electrode to
optically modulate a l1iquid crystal layer disposed between the
pixel electrode and the counter electrode, so that the optical
modulation is recognized as a display pattern by a viewer.

Such active matrix type liquid crystal devices have been
widely used in more diverse fields, and not only the large-area
designof ascreensize, butalsohighdefinition, highnumerical
aperture and high reliability design has been increasingly
regquired. At the same time the enhancement of the productivity
and the reduction in manufacturing cost have been also
increasingly required.

When TFT is formed by using aluminum as a gate wiring
material for TFT, malfunction of TFT and degradation in TFT

characteristics are caused by formation of projections such



217 MW" 2005 as hillocks, whiskers, etc. due to a heat treafirfemavand)q
diffusion of alumnumatons in a channel-form ng region. On the other
hand, when netal material having high resistance to the heat treatnent,
typically a netal elenent having a high nmelting point is used in order to
avoi d the above problem there occurs another problemthat the resistance
of wires would increase if the screen size is increased, resulting in
i ncrease of power consunption, etc. SUMVARY OF THE | NVENTI ON Therefore, an
obj ect of 2FRE- g sdeht WRATERESert 1S g8 frovhaat et teiicauf didfugion
sem conduct or _devi ce that can reduce power consunption even when the
screen si 2& PLUMABPEaSEAMSaAE ReCREAN S TREMIMEC CEHifg t 198 d&e edh@Tct or
device. According to the present invention, in order to attain the above
obj ect, sbaReée “ﬁﬁ@smﬁﬁélg@@‘éemﬁéshﬁvénﬂdﬁiq@‘él mweistpeesistdic ot eri al
(typically, alumnum silver, copper or alloy thereof) . The gate
el ect r odetrsapgmenitdedywhcal l apaere tafl pflement Havima hdtiadfneheigareiwit es.
Further, all the NMOS circuits of a driving circuit are formed by
n- channel isysFedritIprdeantdo FHVisi bftha giiovs ppobléenn tdregcadsoufemmed hefr
n-channel type TFTs. In order to forman NMOS circuit by conbining
n- channel proppemTHist thhare manawofasas s wnel ¢ dAservhceci f hbe NMDSeni r cui t
is formed by conbi ni ng enhancenent type TFTs as shown in Fig.

size is increased, resulting in increase of power consumption,

etc.

SUMMARY OF THE INVENTION

Therefore, anobject of the present inventionis toprovide
the structure of a semiconductor device that can reduce power
cqnsumption.even.when_the screen size is increased, and methoed
of manufacturing the semiconductor device.

According to the prgsent invention, in order to attain
the above object, source wires and gate wires are formed by
"low-resistance material (typically, aluminum, silver, copper
or alloy thereof). The gate electrode is provided on a layer
different from that ¢f the gate wires. Further, all the NMOS
circuits of a driving circuit are formed by n-channel type TFTs,
and TFTs of a pixel portion are alsc formed of n-channel type
TFTs.

In order to form an NMOS circuit by combining n-channel
type TFTs, there are two ¢ases, one case where the NMOS circuit

is formed by combining enhancement type TFTs as shown in Fig.



3 1 7 MAY 2005 8A (hereinafter referred to as "EEMOS circuit”) § Jamht ?B‘?
other case where the NMOS circuit is fornmed by conbining an enhancenment™
type and a depression type (hereinafter referred to as "EDMOS circuit") as
shown in Fig. 8B. In order to formthe enhancenent type and the depression
type separately fromeach other, an el enent belonging to the fifteenth
group of the periodic table (preferably phosphorus) or an el enent
‘belonging_to the thirteenth group of the periodic table (preferably boron)
may be suPfabl§r abptt PhiE LR shiteoRtudEIOS 6 FCHG tad - a2k AdmfePthemni ng
region. The source wires of the pixel portion are formed in a step

di f f er ent CREEMRHR the MRS Sbifekt wWSrfcyrngd e amtiiviing akpprbantcepenti on.
According to an aspect of the present invention, there is provided a

seni condut¥Bf ¥editdBFasHver wrPe Therednesitarngefarsedi tomduc EBMOSayer
formed on an insulating surface, an insulating filmfornmed.on the

sem condu€i8FUfifyer asapboynganeFigl.e€Brode formed on the insulating film
characterized by including: a pixel portion having a first n-channel type
TFT and a dri vingerier dia fhan e #ndiarcgnercokpriesang thes depme ssrioohannel
type- TFT and a third n-channel type TFT, wherein the gate el ectrode of
-each of th¥Pei sspapatkdgnéronypaciFKthehe amsecimmbm: dhdinmgding pe TREE and
the third n-channel type TFT has a laninate structure conprising a first

conduct i vEiE&penthagrogp of the periodic table (preferably phosphorus)
or an element belonging to the thirteenth group of the periodic
table (preferably boron) may be suitably doped into a
semiconductor serving as a channel-forming region.

The source wires of the pixel portion are formed in a
step different from that of the source wires of the driving
circuit portion.

According to an aspect of the present invention, there
is provided a semiconductor device equipped with TFT containing
a semiconductor layer formed on an insulating surface, an
insulating £ilm formed on the semiconductor layer, and a gate
electrode formed on the insulating film, characterized by
including: a pixel portion having a first n-channel type TFT
and a driving circuit haﬁing a circulit comprising a second
n-channel type TFT and a third n-channel type TFT, wherein the
gate electrode of each of the first n-channel type TFT, the
second n-channel type TFT and the third n-channel type TFT has
alaminatestructurecomprisingafifstconductivelayerhaving

a first width as a lower layer and a second conductive laver



a first width as a lower layer and a second conductive Iayé[74mﬁy7ang 2005

havi ng a second width smaller than the first width as an upper | ayer.

Accordi ng to anot her aspect of the present invention, there is provided a

sem conduct or device equi pped with TFT containing a sem conductor |ayer

formed on an insulating surface, an insulating filmformed on the

sem conductor |ayer, and a gate electrode fornmed on the insulating film
partion having a first n-channel type

characterj zed Q% ing#gﬂing: alﬁixel / _
TFT, and 22819 §CORCurEAhavFRGL Ao Sl thec RARAEI 9P a7 WRBSE third
n- channel _type TFT, wherein the gate el ectrode of the first n-channel type
TFT has a-# nate structure conprising a second conductive |ayer and a
first conductive |ayer having the sane width as the second conductive
| ayer, and the @EerdelgctpogeobieEarhPEFtt AE EBBoRBCEARTt ARVENRIERannel
type TFTs has a lanm nate structure conprising a first conductive |ayer
havi ng a ¥rese WFdPRoHddgd enwsenigperdugidin dacherl edntprRed velthaJBT havi ng
a second width smaller than the first width as an upper layer. In each of
t he abovec@rhtBhlgét N destondaFENE g ¢ onian Yrs weiEDMOSuEEReBit i S
formed by the second n-channel type TFT and the third n-channel type TFT.
I n each ointhesabavéngefiitonformed devibessemachndficthe lavehanael aype
TFTs of the driving circuit has a gate el ectrode
gate electrode formed on the insulating film, characterized
by including: a pixel portion having a first n-channel type
TFT, and a driving circuit having a second n-channel type TFT
and a third n-channel type TFT, wherein the gate electrode of
the first n-channel type TFT has a laminate structure comprising
a second conductive layver and a first conductive layer having
the same width as the second conductive laver, and the gate
electrode of each of the second and third n-channel type TFTs
has a laminate structure comprising a first conductive layer
having a first width as a lower layer and a second conductive
layer having a second width smaller than the first width as
an upper layer.

In each of the above semiconductor devices, an EEMOS
circuit or an EDMOS circuit is formed by the second n-channel
type TFT and the third n-channel type TFT.

In each of the above semiconductor devices, each of the
n-channel type TFTs of the driving circuit has a gate electrode

having a tapered portion, a channel-forming region overlapped

with the gate electrode and an impurity region




having a tapered portion, a channel-formng region overl apped 7WW&W‘?W$
gate el ectrode and an inpurity region 5 1 7 MAY 2005 partial | y- over |“dpped
with the gate electrode. In each of the above sem conductor devices, the
concentration of inmpurities in the inpurity region of the n-channel type
TFT contains an area having a concentration gradient in the range from at

| east 1x1017 to Ixl O 8/cnB, and the concentration of the inpurities is

i ncreased as the_distance fromthe channel-formng region is increased. In

each of tRerhpsvéysenrEdapuetorigbyvitbesgathecdoateedewi res of the n-channel
type TFTs of the driving circuit and the source wires of the n-channel
type TFTs of thélpi&@Fhporfi die amddvsr ms¢ngicogidufcdoent destieeisal sthen each
-of the above sem conductor devices, the source wres of the pixel portion
are fornmed@obBfeparatians othatmprinties cont 4he Ampu@utor Yggidm efchhef the
above sem conduct or devices, the source wres of the pixel portion are
f ormed bynachponeér tygpemBifiod;on taiprd rn netdwdaaaipy aki agnoehhodtabnany
conbi nati on thereof. Each of the above sem conductor devices is a
refl ecti oaradgpetoint thasnasgeofroypat!| iqasd tzyst’akomedubé®/Accordiing to
anot her aspect of the present invention, there is provided a nmethod of
manuf act uthagamcsertimonidicbSrthedevpoei baws g ndtéysag aei fiealit saadca pi xel
portion on an
from the channel-forming region is increased.
In each of the above semiconductor devices, the source
wires of the n-channel type TFTs of the driving circuit and
the source wires of the n-channel type TFTs of the pixel portion
are formed of different materials.
In each of the above semiconductor devices, the source
wires of the pixel portion are formed of materials that mainly
contain Al, Cu or Ag.
In each of the above semiconductor devices, the source
wires of the pixel portion are formed by a sputtering method,
& print method, a plating method or any combination thereof.
Each of the above semiconductor devices is a reflection
type or transmission type ligquid crystal module.
According to another aspect of the present invention,
there is provided a method of manufacturing a semiconductor
device having a driving circuit and a pixel portion on an
insulating surface, characterized by comprising: a step of

forming a semiconductor layer on an insulating surface; a step

of forming a first insulating £ilm on the semiconductor layer;



insul ating surface, characterized by conprising: a step of f LR
sem conductor |ayer on an insulating surface; a step of for&fzghégfﬁmgt

insulating filmon the sem conductor layer; 6 1 7 MAY 2005 a step of

formng a first gate electrode on the first insulating film a step of

doping inpurity elenents providing n-type into the sem conductor |ayer by

using the first gate electrode as a nmask to forman n-type first inpurity
he first gate electrode to forma tapered

region; a ssteep o% fetchj ngg % ) [ E
portion; ASHECHIECTNIING it PEY Sef breht Qdposyv F e g o5kt ypeviat dng
sem condujgtfr_ Iaﬁer whi | e passi n% t hr ough the taper portion of the first
gate el ebttBd £6PnRF SRPHF AHPRAT -1y BECBBREAPT 1Y rdgiPéninty step
of form ngha second insulating filmso as to cover the first gate
el ect r odet™@ SHRPCORIPSEAF ntpBRTE Wi e tHastiurée pérELsRIENaEhe
second insulating film a step of forming a third insulating filmso as to
cover the? §GFIcEC i EsapMm t@Pe hiker imunidiy ragdon: st epepfoff ek hgga
source wire of the driving circuit and a gate wire on the third insulating
film Acchhrdifrsd HHn Idredsisela tof foRa prezeexed martion, a siiepeofs
provided a nethod of manufacturing a sem conductor device having an
n- channel A®Hped TFRRIZN] ki edenpnss oy cbimdugt bype iayera aprigohfinstogat e
el ectrode on an insulating surface, and an n-channel type TFT having a
second seh#¥endlitils PRapéngabiirowgls déentagarep et eben odethe Hadradt gaiteed by
conprising: a step of formng a first sem conductor |ayer and a second
sem conduetlertrode to thereby form an n-type second impurity region;

a step of forming a second insulating film so as to cover the

first gate electrode; a step of forming source wires of the

pixel portion on the second insulating film; a step of forming

a third insulating £ilm so as to cover the source wires of the

pixel portion; and a step of forming a source wire of the driving

circuit and a gate wire on the third insulating film.

According to another aspect of the present invention,
there is provided a method of manufacturing a semiconductor
device having an n-channel type TFThavinga first semiconductor
layer and a £first gate electrode on an insulating surface, and
an n-channel type TFT having a second semiconductor layer and
a second gate electrode, characterized by comprising: a step
offormingafirstsemiconductorlayerandasecondsemiconductor
layer on an insulating surface; a step of forming a first
insulating £ilm on the first semiceonductor layer and the second

semiconductor layer; a step of forming first gate electrodes

on the first insulating £ilm; a step of doping impurity elements



layer on an insulating surface; a step of formng a first ifns@l@ty mtilm
on the first sem conductor |ayer and the second sem conductor |ayer; a
step of formng first gate electrodes on the first insulating film a step
of doping inpurity elenents 7 "1 7 MAY Mb providing ii-type into the first
sem conductor |ayer and the second sem conductor |ayer by using the first
gate electrodes as masks to formn-type first inpurity regions; a step of
etching the first gate electrodes to formtapered portions; a step of

dopi ng | MEPY1¢iegeheh¥BeptblPdiRg Aif§pesenigonfBCtpEstaysennadndbet or

| ayer and the second sem conductor |ayer while passing through the tapered
portions ¥FCPRE FeRLFoRFleter @by usdngokme fitnple 9g&€ontethpadesy
regions; a step of selectively renoving only the tapered portion of the
first gatas slasksr beléorabovieyphéisetombeehiy ordionsr 4 ayepr afbetohima second
gate electrode; a step of formng a second insulating filmso as to cover
t he firstthatflndedatede land richle ssdcofidryat@pet edtrodeions; st efpeef ofor m ng
source wires of the pixel portion on the second insulating film a step of
form ng adehind iimpulrdttimoeiehents paovtidicgven- tyge séotoe the e§iobtt he

pi xel portion; and a step of formng source wires of the driving circuits
and gate semesonducthe ldiyed amdullsd isegdnd memioondeciloayéagamuivhdcieri ng
met hod, the n-channel type TFT having the first gate electrode is a TFT of
the drivipgsstngthirbugh the taperedportions of the first gateelectrodes

to form n-type second impurity regions; a step of selectively
rémoving only the tapered portion of the first gate electrode
above the second semiconductor layer to form a second gate
electrode; a sfep of forming a second insuiating film so as
to cover the first gate electrode and the second gate electrode;
a step of forming source wires of the pixel portion on the second
insulating £ilm; a step of forming a third insulating £ilm so
as to cover the source wires of the pixel portion:; and a step
of forming source wires of the driving circuits and gate wires
on the third insulating £ilm.

In the above manufacturing methbd, the n-channel type
TFT having the first gate electrode is a TFT of the driving
circuit.

In the above manufacturing method, the n-channel type
TFThavingthesecondgafeelectrodeisaTFTofthepixelportion.

In the above manufacturing method, a pixel electrode is
formed at the same time as the sourcewires of thedrivingcircuit.

In the above manufacturing method, the step of forming



In the above manufacturing nethod, the n-channel type TFT h vg;}w he
second gate electrode is a TFT of the pixel portion. 1In the a 2005
manuf acturi ng nmethod, a pixel electrode is forned at the sane tine as the
source wires of the driving circuit. 1In the above manufacturing nethod,
the step of forming 8 1 7 MAY 2005 the source wires of the pixel portion is
a Sputtering nethod, a print nethod, a plating nmethod or a conbination
thereof. | n the above manufacturing nethod, the first gate electrode has a
| ami nat e SR¥ RAWEE dOm §tnglg PiFet RORELRR Ve 2@ FRYEFCRAPOINGeRPr st
width as a | ower |ayer and a_second conductive |ayer having a second w dth
smal | er thaftihe P¢ERPAwi @tRlakingnmepped pPhydrcomhéngsépnohBpreffipe of an
area of the first conductive layer that is not overl apped with the second
conductive | ayet?i $hg tabeyed maiapec BRIEW DRSERIOETI ONOF LR tDRERE RIGS
Figs. 1A to 1D are diagranms show ng amanuf acturing process of AM LCD,
Fi gs. 2A gbeotrafe hdisaytamsnahew iipadnistheenpaheiageufiTat cprdvessvef
AM LCD; Figs. 3A and 3B are diagrans show ng anot her manufacturing process
of AM LCDlaveyghaxing saf i opt wiléWhots pilveles; laydyang & seeendpovdewtdfepi xel s;
Fig. 6 is a cross-sectional view showi ng an active matrix

layer having a second width smaller than the first width as

an upper layer. The sectional shape of an area of the first
conductive layer that is not overlapped with the second

conductive layver is a tapered shape.

BRIEF DESCRIPTICN OF THE DRAWINGS

Figs. l1AtolDarediagrams showingamanufacturingprocess
of AM-LCD;

Figs. 2A to 2C are diagrams showing another manufacturing
process of AM-LCD;

Figs. 3Aand 3Bare diagrams showing another manufacturing
process of AM-LCD;

Fig. 4 is a top view of pixeis;

Fig. 5 is a top view of pixels:

Fig. 6 is a crbss—sectional view showing an active matrix
type liguid crystal display device;

Fig. 7is adiagram showing the outlook of a liquid crystal
module;

Figs. 8A and 8B are diagrams showing the construction

of an NMOS circuit;



type liquid crystal display device; Fig. 7 is a diagran1shomi&?réﬂ@ 2&} ook
of aliquid crystal nodule; Figs. 8A and 8B are di agrans show'n h
construction of an NMOS circuit; 9 1 7 MAY 2005 Figs. 9A and 9B are

di agrans showi ng the construction of a shift register; Fig. 10 is a
cross-sectional view show ng a pixel portion; Figs. 11A and 11B are
cross-sectional views showing the pixel portion; Fig. 12 is a top view of
the device; Figs. 13A to 13C are cross-sectional views show ng the pixel
portion; Fig. 14i9§.a°%3chAdfaPBcadkagiasranswshgwinbasbe ceppadiracitagn
operation; Figs. 15A to 15C are di agrans showi ng el ectronic equipnent; and
Fi gs. 16Ac&nd $BBf4rsedigg§eans show ng el ectroni ¢ equi pment. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention wll be
descri bed hereufider M {52 ¢cedeseneet Lonahe izyconpahyy ag kalhrgsioR:r st ,
after abase insulating filmis forned on a substrate, a sem conductor

| ayer having a Hegsrellshape 118 Aoenedoby-sechfjonal views showing the

pixel portion:

Fig. 12 is a top view of the device:

Figs. 13A to 13C are cross-sectional views showing the
pixel portion:

Fig. 14 is a schematic diagram showing a laser irradiation
operation;

Figs. 15A +to 15C are diagrams showing electronic
equipment; and

Figs. léA and 16B are diagrams showing elect:onic

eguipment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described hereunder with
reference to the accompanying drawings.
First,afterabaseinsulatingfilmisformedonasubétrate,
a semiconductor layer having a desired shape is formed by using
a first photolithography process.
Subsequently, an insulating film (containing a gate
insulating f£ilm) is formed so as to cover the semiconductoxr
layer. A first conductive film and a second conductive £ilm

are formed and laminated on the insulating film. The laminate

10



a first photolithography process. Subsequently, an insulatingyfﬁhp12m]
(containing a gate insulating filnm is forned so as to cover the 5

sem conductor layer. A first conductive filmand a second conductive film
~are formed and |am nated on the insulating film The lamnate 10 1 7 MAY
2005 filmthus forned is subjected to a first etching treatnent by wusing a
second phot ol it hography process to forma gate electrode conprising the
first conductive |ayer and the second conductive |layer. In the present

i nvent i onf1HR iU HOTRASE 18 eePisaéerls topd Aisils I chdmnPedregamenti PEs are
formed on an inter-layer insulating film Subsequently, inpurity elenents
provi di ngiHLE§pesetPMoFPREFYS tHio TRy REgcase teohudn pritad-& heéegbAPEONnduct or
under the state that a resist mask forned in the second photolithography
process iSCPeFisyRgddief &8st eyt ey kg r and hhe weednthapndyctéyeon
(high concentration) in self-alignment. Subsequently, the etching
condi t i onl#%eE hahyedhamresensedayittretichi n@iirssattivenuaits edeciteddeutsunder
the state that the resist mask fornmed in the second photolithography
process Prevébusinnbdiredd, garte avifiesstamontluoted eon ager igftersiapedt h)
having a tapered portion and a second conductive |ayer (second wdth) are
fornmed. Thesfilasingi fiihmis set to be larger than the second width, and the
el ectrode conprising the first
Subsequently, impurity elements providing n-type
. {phosphorus or the 1ike) are doped into the semiconductor under
the state that a resist mask formed in the second
photolithography process is left unmodified, thereby forming
an n-type impurity region (high concentration) in
self-alignment.
Subsequently, the etching condition is changed and a
second etching treatment is carried out under the state that
the resist mask formed in the second photolithography process
is left unmodified, and a first conductive layer (first width)
having a tapered portion and a second conductive layer (second
width) are formed. The first width is set to be larger than
the second width, and the electrode comprising the first
conductive layer and the second conductive layer serves as a
gate electrode {first gate electrode)} of an n-channel type TFT.
Subsequently, after the resist mask is removed, impurity
slements providingn-type are passed through the taperedportion

of the first conductive layer and doped into the semiconductor

layer by using the second conductive laver as a mask. Here,

11



conductive layer and the second conductive | ayer serves as a gate

el ectrode (first gate electrode) of an n-channel type TFT. 1SHH%/&0pens |y,
after the resist mask is renoved, inpurity elenents providing n-type are
passed t hrough the tapered portion of the first conductive |ayer and doped
into the sem conductor |ayer by using the second conductive |layer as a
mask. Here, 11 1 7 MAY 2005 a channel-formng region is formed bel ow t he

second condyctive ayer, and an inmpurity region (low concentration) is
f or med b@l%?ﬁrlnrf‘el“f%‘? “&%ﬁ&%ﬂr\/ésl%}%ﬁ‘e%Qe&ﬁa’t“ﬂﬁéeﬁWPPS}ductlve

concentration gradually increases as the_distance fromthe channel-form ng
regi on i siP8fRGer ARFhBReAMPEFLtRNERILRR (ApEr cANBBREFBR1PE)séFeEpPFmeRy
renoved to reduce off-current, the nunber of mask sheets is increased by
one to foPflavrestet Tkt coPadusdi@epotared otherthatharkheheipbraitiorti on,
and then the etching treatnment is carried out to renopve only the tapered
portion of°RReN§ERELEPefirsdallyf infrgsised oriheondisubsequéneimythefter an
insulating filmfor protecting the gate electrode is formed, the inpurity
el enent s @bpeReinfosméngseRéondist dpnbayer are activated, and then source
wires formed of nmetal material having | ow resistance (typically, nmaterial
cont ai ni ng al unTheneastever wirercopper tapeaednipor ttgnponentelaceéifredyed on
the insulating filmat only the pixel portion by a third photolithography
process. nrsmdesdribededbogepff-current, the number of mask sheets is

increased by one to form a resist mask covering a portion other

than the pixel portion, and then the etching treatment is carried

out to remove only the tapered portion of the gate electrode

of the pixel portion.

Subsequently, after an insulating film for protecting

the gate electrode is formed, the impurity elements doped in

each semiconductor layer are activated, and then source wires

formed of metal material having low resistance (typically,

material containing aluminum, silver or copper as a main

component) are formed on the insulating film at only the pixel

portionbya thirdphotolithography process. Asdescribedabove,

according to the present invention, the source wires of the

pixel portion are formed of the metal material having low

resistance. Therefore, even when the area of the pixel portion

is increased, the pixel portion can be sufficiently driven.

Further, since the number of mask sheets is reduced, the source

wires may be forméd by the print method.

Subsequently, an interlayer insulating film is formed,

12



according to the present invention, the source wires of the prghypgmgion
are formed of the netal material having | ow resistance. Therefore, n
when the area of the pixel portion is increased, the pixel portion can be
sufficiently driven. Further, since the nunber of mask sheets is reduced,
the source wres may be forned by the print nethod. Subsequently, an
interlayer insulating filmis formed, 12 1 7 NAY 2005 and t hen cont act

hol es are forned b%?a fourth photolithography process. In this case, a

contact HYIELERPendPREEEE RNET APGHANET BYiDARCUALERNTA@ L Hl9 8@ BNAdi ng to
the gate el ectrode and a contact hole extending to the source wire are
formed. SUREREntPytids GGifuc i S0 3¢ nbdentdtopd e dlo fheek R L Havi ng
| ow resistance is formed, and el ectrodes for connecting each of the gate
wire and BHEYbure ESRTACE Qe SieRAding tegitbs dJahd aleprkepdel eedrade are
formed by a fifth photolithography process. In the present invention, each
gat e wire€qxtatedigiedFiendtonmete ethe ocsewecd jwite rite Bdweedode or the
second gate electrode through the contact hole provided in the interlayer
i nsul ating fil rAutEduenutye aordiistdvediilincEbrypedonhaeted matet el
impurity region (source region) through the contact hole provided in the
i nterl aydravirsuilam ngsistancghes pioxelede| audreddeticgiad Eotrreamie gyt tomnect ed
to the inpurity region (drain region) through the contact hole provided in
t he i nt erdagtepfi tiselgmtengirkidmd tAenebatcoawtiord ab tiaviinguliglh reflectivity
is preferably '
and a pixel electrode are formed by a fifth photolithography
process. Inthe present invention, eachgatewireiselectrically
connected to the first gate electirode or the second gate
. electrode through the contact hole provided in the interlaver
insulating £ilm. Each source wire is electrically connected
to the impurity region (source region) through the contact hole
provided in the interlayer insulating £film. The pixel electrode
is electrically connected to the impurity region (drain region)
through the contact hole provided in the interlayer insulating
film. A metal material having high reflectivity'is preferably
used as the material of the conductive layer because it
constitutes the pixel electrode, and materials containing
aluminum or silver as &a main component are typically used.
As described above, according to the present invention,
the gate wires are formed of the metal material having low
resistance, and thus even when the area of the pixel portion

is increased, the pixel portion can be sufficiently driven.

As described above, a device substrate having a pixel
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used as the material of the conductive |layer because it co t-{i @ﬂzezo&;p.he
pi xel el ectrode, and materials containing alumnumor silve

conponent are typically used. As described above, according to the present
invention, the gate wires are fornmed of the nmetal material having | ow
resi stance, and thus even when the area of the pi xel portion 1is increased,

t he pi xel portlon can be sufficiently driven. descri bed above, a device
substrat e_hayi lxel 13 Y 2005 t|o havin a pixel TFT

(n- channepo?é %P%ﬁﬁ@% %15F%%RT W%&f%% T H e CERCER&nnel
type TFT) as shomn in Fig.., 8A can be forned by carrylng out the

phot ol i t hB§VaPHy2Priviidds mt”frﬁ‘b’r‘? yichanpet itygs TERAt 25 Shawp dy B4 9 ve
mask sheets. In_this case, the foregoing process is directed to formation
of a ref PACERBAPG FRE A% Biva§alEying, CRbvigte Photed LGy PReCeSFesent
i nvention may be ag plied to a transm ssion type display device. Wen a
transmi ssfceﬁatl}ﬁea | ShY 2yt Hess ce-hat denuPactaied, f1ve dasleshagistr de can
be formed by using six mask sheets because it is necessary to subject a
transpar ehif1€ofidet i Veefforegoing paecessi by dinentahtto Fommedion wfa case
where an EDMOS circuit as shown in Fig. 8B is formed by conbining an
enhancenefdt Te§pecaranatyaepdeseien dgpecebdiorevene Wondisctiiak of e s
formed, the mask is beforehand formed and an el enment bel onging to the
fi fteent hrrgeeos oivenelpemagdbe arablied pref srabkylsphosphipa sii sgrlaan

device. Whenatransmissiontypedisplaydevice ismanufactured,

adevice substrate can be formed by using six mask sheets because

it is necessary to subject a transparent conductive £ilm to

a patterning treatment.

Further, in a case where an EDMOS circuit as shown in

Fig. 8B is formed by combining an enhancement type and a

depression type, before the conductive film is formed, the mask

is beforehand formed and an element belonging to the fifteenth

group of the periodic table (preferably, phosphorus) or an

element belonging to the thirteenth group of the pericdic table

{(preferably, boron} may be selectively doped into the

semiconductor serving as the channel-forming region. In this

case, the device substrate canbe formed by using sixmask sheets.

When the third photelithography is not used and the source
wires of the pixel portion are formed by fhe print method, the
device substrate can be formed by using four mask sheets.

The present invention having the above construction will

be described in more detail on the basis of the following
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el enent belonging to the thirteenth group of the periodic tan?
(preferably, boron) may be selectively doped into the senicondd@%%ramS
serving as the channel-formng region. In this case, the device substrate
can be fornmed by using six mask-sheets. When the third photolithography is
not used and the source wres of the pixel portion are formed by the print
nmet hod, the device substrate can be fornmed by using four mask sheets. The
present invention.having.the above construction will be described in nore
det ai | onpfﬁ335539598hogﬁgeﬁ5ﬁromjng 14 1 7 MAY 2005 preferred enbodi nents.
Enbodi nents First Enbodinment In this enbodi nent, a nmethod of

si mul taneously manufacturing a pixel portion (n-channel TFT) and TFTs
(EEMOS circuit formed by the n-channel TFT) conprising a NMOS circuit of
a drivi ngZePPESMENtGhi ch is provided on the periphery of the pixel

portion, on the_sane substrate will be described with reference to Figs. 1
to 5. In EAFSteRBBAAMBRRL a substrate 100 is used, which is made of barium
borosilicate glass such as #7059 gl ass and #1737 gl ass produced by Corning
Corp. or al um n&Bor 6BiLF| c&Pogliaent., At Heetpdt rafe $ODULlAAPCOUSSHT at e
can be used. A quartz substrate, a silicon substrate, a netal substrate,

or st ai nl B88ufgghsriggea e hPostiasdnachagneill BFdh amd TS AESMR&Y be
used.

circuit formed by the n-channel TFT) comprising a NMOS circuit
of a driving circuit, which is provided on the periphery of
the pixel portion, on the same substrate will be described with
reference to Figs. 1 to 5.

In this embodimeﬁt, a sﬁbstrate 100 is used, which is
made of barium borosilicate glass such as #7059 glass and #1737
glass produced by Corning Corp. or aluminoborosilicate glass.
As the substrate 100, any substrate can be used. A qguartz
substrate, asilicon substrate, ametal substrate, or stainless
substrate forming an insulating £film on the surface may be used.
Aplastic substrate having heat resistance enduring a treatment
temperature of this embodiment also may be used.

Then, an underlying film 101 composed of én insulating
film such as a silicon oxide f£ilm, a silicon nitride film, or
a4 silicon oxide nitride film is formed on the substrate 100.
In this embodiment, a two-layered structure is used as the
underlying f£ilm 101. However, a single insulating film or a
lamination of two or more insulating films using the above

insulating film may also be used. As a first laver of the
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A plastic substrate having heat resistance enduring a treatngrt W‘Y
tenperature of this enbodi nent al so may be used. Then, an underlyi n%ﬂaﬁi I m
101 conposed of an insulating filmsuch as a silicon oxide film a silicon
nitride film or a silicon oxide nitride filmis formed on the substrate
100. In this enbodinent, a two-layered structure is used as the
underlying film 101. However, a single insulating filmor a |amnation of

two or nore_insulati fi usi t he ghove, insulating filmpmy also be
PeMaPNE TR et FALE ST AL R et Sk S BB T
silicon O{i deé_gli_tride film10la is formed to a thickness of 10 to 200 nm
r ef er abt$, 2 561G L 1 2N EMOYBr et §FAG 18i-HAC NAS L 0AnBmARBY as
pr et . . b . Al .
reactive gas. In_this enbodi man]'gulI a silicon oxide nitride film 1l0la (a
conposi t iDPSRAGE  SSinBFHe MHo7and\Ne0 2mprefnt ive- 9874 RaviRgSa
thickness of 50 nmis formed. Then, as a second | ayer of underlying film
101, a sitTRYHBSHHe FitkiEeen idshdro i tldeofida 1618 { Ai ekpresitdPNs50 to
200 nm (preferably, 100 to 150 nm by plasma CVD, using SiH4 and N20 as
reacti ve X¥fisto1 Bt fise TenBodi2fént ! =a24F | iagvhH vii7de mtinde thirkpass
conposition ratio: Si = 32% 0 =59% N=7% and H= 2% having a
t hi cknessPP 0108 Fimficyest medheTheas s éncopddleyer dfayadsrle2ngof 108 are
formed on the wunderlying film The sem conductor layers 102 to 105 are
formed DbYC¥oln$hyigoserrtdmdudiirde Eiamhb@ling saficamedphwastkickoease by a
known met hod (sputtering, LPCVD, plasma CVD, or the like) |,
of 50 to 200 nm (preferably, 100 to 150 nm) by plasma CVD, using
5iH, and N,;O as reactive gas. In this embodiment, a silicon
oxide nitride film (a composition ratio: Si = 32%, O = 59%
N = 7%, and H = 2%) having a thickness of 100 nm is formed.
Then, semiconductor layers 102 to 105 are formed on the
underlying film. The semiconductor layers 102 to 105 are formed
by forming a semiconductor £ilm having an amorphous structure
by a knowﬁ methed (sputtering, LPCVD, plasma CVD, or the like),
conducting a known c¢rystallization processing {laser
crystallization, thermal crystallization, or thermal
crystallization using a catalyst such as nickel) to obtain a
crystalline semiconductor film, and patterning the film into
a desired shape. The semiconductor layers 102 to 105 are formed
to a thickness of 25 to 80 nm (preferably, 30 to 60 nm). Thexre
isnoparticularlimitregarding thematerial forthecrystalline
semiconductor film. However, it is preferable to form the

crystalline semiconductorfilmofsiliconorasilicongermanium

alloy. In this embodiment, an amerphous silicen film of 55
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conducting a known crystallization processing (|aser crysta 17 Z@Z\ty{ 2@10
thermal crystallization, or thermal crystallization using a cat 5such
as nickel) to obtain a crystalline sem conductor film and patterning the
filminto a desired shape. The. sem conductor .layers 102 to 105 are forned
to a thickness of 25 to 80 nm (preferably, 30 to 60 nm . There is no
particular i m't regardi ng the material for the crystalline sem conductor
film However, is preferable to formthe crystalline sem conductor film

of silicoRMdf ?%T‘GF‘? B8P Gt nY Bmara TRy hitehi § Eristdidrefien taAraRer phous
silicon filmof 55 16 1 7 MAY 2005 nmis fornmed by plasma CvVD, and

t her eaf t eR1Che ot EithdH chtldiehiFRPTRI RIS Gt IR 1(31‘!‘ t hEhgnBMPRBHSYISI | i con
film The anorphous silicon filmis dehydrogenated (at 5000, for one
hour), andiliten Eibpets cdehviroeeratedr (st a300 zat ifor pae BSGI)C apgr 4
hours) . Furthernore, |aser annealing is conducted for the purpose of
i mprovi ngthasz:ilaCZ@td ‘on theleed oy e trlystzd t iowe (&t 1515600 . ffidmd hpsrkdrned.
The crystalline silicon filmis subjected to patterning by
phot ol i t hBgrabaympgef ot aseheaseantdnducs crondyered 102 the pOSpoBer pifer nor e,
after-the sem conductor layers 102 to 105 are forned, doping of a trace
anount of iinppaviihy etesent si{adbion. wrepdins phorvs)ahhinde idgprapifiidmel y
conducted so as to manufacture separately enhancenent type and depression
type. Furibefmomed.in The cagetafllimeufsaictiwemgfalor st addbpected to
patterning by photolithography to form the semiconductor layers
102 to 105.
Furthermore, after the semiconductor layvers 102 to 105
are formed, doping of a trace amount of impurity elements {(boron
or phospherus) may be appropriately conducted so as to
manufacture separately enhancement type and depression type.
Furthermore, in the case of manufacturing a crystalline
semiconductor £film by laser crystallization, a
pulse-oscillation type or continuous light emission type
excimer laser, a YAG laser, and a YVO, laser can be used. When
using these lasers, laser light emitted from a laser oscillator
may be condensed intc a line shape by an optical system and
"allowed to radiate to a semiconductor film. Crystallization
conditions are appropriatelyselectedbytheoperator. However,
whenusingapulseoscillationexcimerlaser, apulseoscillation
frequency is set to bhe 30 Hz, and a laser energy density is

set to be 100 to 400 mJ/cm® (typically 200 to 300 mJ/cm®). In

the case of using a pulse oscillation YAG laser, the second
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sem conductor filmby |aser crystallization, a pulse-oscillatji pmﬁwgnpr
continuous |light em ssion type exciner Iaser a YAG | aser, and

| aser can be used. When using these |asers, | aser | i ght emitted from a

| aser oscillator may be condensed into a |ine shape by an optical system
and allowed to radiate to a sem conductor film Crystallization ’
conditions are appropriately selected by the operator. However, when using

apul se os |IIat|on gl,ECI méagr Iasg%\S LCL{SG oscillatiaon fre%uency is set to
be 30 Ho, DAREORIFadleTa 4 P €0 055 1106 116 M6 SBRAIAY
(typi call\g/l 200 to 300 my/ In the case of using a pul se oscillation YAG
| aser a¥el6ngct7te ?ewhvt?ob% Kif oM e 3 NS89t SRsy Be AT, t¥a 5 se
oscillation frequency _nay set to be 1 to 10 kHz, and a |aser energ
density n&¢ SBE &@tPg 03%t@oéOtoomééémrrﬂ(/té?ﬁl(oc%YCfaI:”I%? t95@09d“%()‘6“ 3/ crr)
Laser light condensed in a |line shape with a width of 100 to 1000 m (e.g.
, 400 ﬁ'ﬁfeﬁ‘elﬁ-ﬁﬁitaf:é’&d@@étedt A& éntire shfPacelithfa avkipstefatld0 &0 a
Iine-shaped | aser light overlap ratio at this tine may be set to be 80 to
98% I n ad@ioPi wn, (e he- st4tle vof) magebe adligttieshovershoarebried IsnrfiaeeF g.
14. The laser light emtted fromthe |aser light source. 1101 is radiated
to a big ¢fibst sabetlhatehe amst |acdlll”€yﬁ@ﬁeﬂ0215%€ndm evarap 13 10The
arrow on the big substrate shows a scanning direction of the laser |ight.
Fig. 14 shdwghdgeddmengaya beulsatplie gt t&dy it @8Rorm si x substrates sized
12.1 inches
In addition, the state of laserradiaticn is shown briefly

in Fig. 14. The laser 1ight emitted from the laser 1ight source

1101 is radiated to a big substrate by the optical system 1102

and the mirror 1103. The arrow on the big substrate shows a

scanning direction of the laser 1light. ¥Fig. 14 shows executing

a maltiple pattern to form six substrates sized 12.1 inches

from the big substrate 1105 sized 650 x 550 nm.

Then, a gate insulating £ilm 106 is formed so as to cover

the semiconductor layers 102 to 105. The gate insulating £ilm

106 is formed of an insulating film containing silicon so as

to have a thickness of 40 to 150 nm by plasma CVD or sputtering.

In this embodiment, a silicon oxide nitride £film (a composition

ratio: 81 = 32%, 0 = 59%, N = 7%, and H = 2%) is formed to a

thickness of 115 nm by plasma CVD. Needless to say, the gate

insulating £film 106 is not limited to a silicon oxide nitride

film, and may have a single layer or layered structure of

insulating films containing silicon.

Then, as shown in ¥Fig. 1A, a first conductive £ilm 107a
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fromthe big substrate 1105 sized 650 x 550 nm Then, a gat¢g Tmﬁudq?%gg
film106 is formed so as to cover the sem conductor |ayers 102 to . The
gate insulating film 106 is forned of an insulating film containing
silicon so as to have a thickness of 40 to 150 nm by plasna CVD or
sputtering. In this enbodinent, a silicon oxide nitride film/(a
conposition ratio: Si = 32% 0 =59% N=7% and H= 2% is forned to a
t hi ckness L_l%S nm by plasma CVD. Needl ess to _say, the gate _insulating
fi1m 106 fSOAGKRRFRFL 28 £8 408 PRdoRTAxRISSAPER QRAARFFiTeaRd ayORave
single layer or layered structure of insulating filnms containing silicon.
Then, as ShBRAXPRSErgt0QAC 40P i) 2EnRRI TS PPt o B2 tEgins 71 RAYNI005
(thickness:; 20 to 100 nm and a second conductive film 107b (thi ckness:
100 to 408+4R)1%% e |Ehithdtegmbrdimengat Bhe nsil 2 idnpdudtife §é.1m ACTRi s
enbodi nent, the first conductive film107a made of a TaN filmhaving a
t hi cknessm@fe3ef minTat fiden $erdmd acthdoknpee ¢F |30 10VENdadacoteqondf i | m
havi ng a thickness of 370 nmare |amnated thereon. The TaN filmis forned
by sputteephfgctisivagtTamad 0g3bt asget cifnaal &tAwsphhwisgcenthiinkngssnptfr ogen.
The Wfilmis forned by sputtering using Was a target. The Wfilmcan al so
be fornmed3B) DRerared C¥Dinsited thpegstoen Héwaaf Tabr fdém( \iF6) formednpycase,
it isrequired to lower a resistance in order to use the Wfilmas a gate
el ect r odespahteringi ssdegi fablhe Bhaargetesnsannaempapheref coheaWafinkm i s 20
nitrogen. TheWfilmis formedbysputteringusingWas atarget.
The W film can alsc be formed by thermal CVD using tungsten
hexafluoride (WFq). In any case, it is required to lower a
resistance 1in order to use the W £ilm as a gate electrode, and

it is desirable that a resistance ratio of the W £ilm is 20
pu€cm or less. The resistance ratio of the W film can be lowered
byenlargingcrystal grains thereof. However, inthe case where
there are a number of impurity elements such as oxygen in the
W £ilm, crystallization is inhibited, and the resistance of
the W £ilm is increased. Therefore, in this embodiment, the
W film is formed by sputtering using high-purity W (purity:
99.5999%0r99.99%)asatargetsothatnoimpuritfmaybeallowed
toenterintheWfilmfromavaporphaseduringthefilmformation,
whereby a resistance ratio of 9 to 20 uQcm can be achieved.

In this embodiment, the first conductive film 107a is
made of TaN, and the second conductive film 107b is made of
W. However, thepresent inventionisnectlimited theretc. Both

the films may be formed of an element selected from Ta, W, Ti,
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ocmor |ess. The resistance ratio of the Wfilmcan be |owertd May 2pp5
enl arging crystal grains thereof. However, in the case where there are a
nunber of inpurity elenents such as oxygen in the Wfilm crystallization
is inhibited, and the resistance of the Wfilmis increased. Therefore, in
this enbodiment, the Wfilmis formed by sputtering using high-purity W
(purity: 99. 9999% or 99.99 0) as a target so that no inpurity nay be
allowed to enter in the Wfilmfrom avapor phase during the filmformation.
. whereb¥®a Pési SBanEE r 8PPoNGf 9Tt n26ldeih WakebdadchrPaiedning thies
enbodi nent, the first conductive film1107a is nade of TaN, and the second
" conduct i vEL1EPPRE1ER 15S nEd@d nofcompongiever, at mongrayeht mahoshalon iBs not
limted thereto. Both the filnms nay be formed of an el enment selected from
Ta, W Ti Semycendugier2ppbn gychais a@elyrry sl None sd lagoal £ oim deped al
containing the elenent as its main conponent or a conmpound material. A
sen conduwish &i|imzucht aselenpolly syt alsl phesphbiroemdy | an sto feed uswidt.h an
impurity elenment such as phosphorus may al so be used. Furthernore, the
f ol | owi ngFuoibemabren the Hel Leetng tdmntfinstiorcomgubtiweedi [therddesaf a
tantalum (Ta) filmand the second conductive filmnmade of a Wfilm the
first condootiuegifel milmadedef of @ ttamitadum t(Made £ TNandi tineasecolm@ second
conductive filmmade of a Wfilm the first conductive fil mnade of a
t ant al um contincdeveTaRLnf madeand th® fedondtbenduckitveohdlumtneee fafliran Al
film the first conductive filmmade of tantalumnitride

made of & titanium nitride (TiN) £ilm and the second conductive

Eilmmadeof aWfilm; the first conductive filmmade of a tantalum
nitride (TalN) fiim and the second conductive £ilm made of an
Al film; the first conductive £ilm made of tantalum nitride
(TaN) f£ilm and the second conductive film made of a Cu film.

Then, masks 108a to 11la made of a resist are formed by
pheotolithography., and first etching processing for forming
electrodes and wiring is conducted. The first etching
processing is conducted as first and second etching conditions.
In this embodiment, under the first etching condition, etching
is conducted by an inductively coupled plasma (ICP) etching
method, in wh_ich plasma is generated by using CF,;, Cl,, and O;
as etching gas {a flow rate: 25/25/10 {sccm}) with an RF power
(13.56 MHZ) of 500 W supplied to a coil-shaped electrode at
a pressure of 1 Pa. As the etching gas, chlorine type gas such
as Cl;, BCl,, S8iCl,, and CCl, or f£luorine gas such as CF,, 5F;,
and NF,, or O, can be appropriately used. Herein, a dry etching

apparatus (Model E645- ICP) using ICP produced by Matsushita
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(TaN) filmand the second conductive filmnmade of a Cu film {h6ﬂ§ynaﬁ§s
108a to 1l1la made of a resist are fornmed by photolithography, and f t
etching processing for formng electrodes and wiring is conducted. The
first etching processing is conducted as first and second etching
conditions. In this enbodi nent, under the first etching condition, etching
is conducted by an inductively coupled plasma (1CP) etching nethod, in

whi ch plasna s, generated hy using CF4, Cl2, and 02 as etching gas (a flow
Mool Ss Y S EBRR A A Cln- Rt Gonsristda- 88 RRaCw 490 -Wslip! | od to
a coil-sh g ectrode at _ a pressure of 1 Pa. As the etching gas

chl ori ne Otaig Ogilé'ss% f° aRPIdeA tR S sybgtFatendlen (@ sAMPLET FHeS Jas such
as CF4, SF6, and NF3, or 02 can be appropriately used. Herein, a dry
etching "S5t GsSERBUBRTESAEY Repitide PP o dedddasy inmrrsieda 20 1
7 MAY 2005 electric Industrial Co. , Ltd. is used. An RF power (13.56 MiZ)
of 150 WHRELR'Qy apmdedutihe fims taisdting eondieien . ¥ Eidmdgegtchedher eby
a substantially negative self-bias voltage is applied thereto. Under the
first et HhFEbRATTIANS tHe WeiThwss eandiset ivpdlayer parei barenedt he
first conductive layer are tapered. Under the first etching condition, an
et chi ng % RihE FespeetchigagpadRodoB9 amehrhingarates ehithgrespecti t h
respect to TaN is 80.32 nnimn., and a selection ratio of Ww th respect
to TaN i abdwr 2206 3Fumheimor ean underinderdte svith chésgectohdi Tabn, a

taper angle of Wbecones about 26.
is 80.32 nm/min., and a selection ratio of W with respect to

TaN is about 2.5. Furthermore, under the first etching
condition, a taper angle of W becomes about 26°.
Thereafter, without remov_ing the masks 108a to 111a made
of resist, etching is conducted for about 30 seconds under the
second etching condition, in which plasma is generated by using
CF, and Cl,; as etchj_ng gas (flow rate ratio: 30/30 (scem) ) with
an RF power (13.56 MHZ) of 500 W supplied to a coil-shaped
electrode at a pressure of 1 Pa. An RF power (13.56 MHZ) of
20 W 1s also applied to the substrate side (a sample stage},
whereby a substantially negative self-bias volfage is applied
thereto. Under the second etching condition using a mixture
of CFy and Cl, as etching gas, the W £film and the TaN film are
etched to the same degree. Under the second etching condition,
an etchingratewithrespect toWis 58.97 nm/min., and an etching
rate with respect to TaN is 66.43 nm/min. In order to conduct
etching without leaving any residual on the gate insulating

f£film, an etching time may be increased by about 10 to 20%.
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Thereafter, w thout renoving the masks 108a to 1l1la nade of resist,
etching is conducted for about 30 seconds under the second étEMAY 2905
condition, in which plasma is generated by using CF4 and Cl2 as etching
gas (flowrate ratio: 30/30 (sccn) ) with an RF power (13.56 MHZ) of 500 W
supplied to a coil-shaped electrode at a pressure of 1 Pa. An RF power
(13.56 WMHZ) of 20 Wis also applied to the substrate side (a sanple
stage), whereby a substantially negative self-hias voltage js applied
thereto. UnderPEferddgandet'dif ngPedRdiftrsh Gty m5? %S”?JSF'CEX and Cl12
as etching gas, the Wfilmand the TaN filmare etched to the sane degree.
Under t hePBEeBAR#AEEEHI PEEEBREPLNENthe FNaREKiIng Fat s hitask edbeceo Wis
58.97 nmimin. , and an etching rate with respect to TaN is 66.43 nm mn.

I n or der peBtéonRdRE thetfdmisigeanreneti ve dariat ahyecs Rl CBRMRE LY5t e
insulating film an etching tine may be increased by about 10 to 20% 21 1
7 MAY 2008vaccerdi tapered ituaboyvébei pEfeetchf my Prasc &9ditage pyplied
appropriately prescribing the shape of a resist mask, the end portions of
the firstocohdusibhserdbyesidmd tThe sacdedofoblactaRer NaRtekoThM@%t ®fer ed due
to the effect of a bias voltage applied to the substrate side. The angle
of the tapetopastion may be 15 to 450. Thus, conductive layers 113 to 116
(first conductive layers 113a to 116a and second conductive |layers 113b to
116b) of a firetisshapaedwrijiosed.afers rk13 comdutéi Véirayecondng tse&eond

layers 113a to 1l6a and second conductive layers 113b to 116b}
of a first shape composed of first conductive layers and second
conductive layers are formed by the first etching processing.
(Fig. 1B} The width of the first conductive laver in the channel
length direction corresponds to the first width shown in the
above embodiment mode. Although not shown, regions of the
insulating film 106 to be a gate insulating film, not covered
with the conductive layers 113 to 116 of a first shape, are
etched by about 10 to 20 nm to be thin.

| Without removing the resist masks, first doping
processing is conducted, whereby an impurity element providing
an n-type is added to the semiconductor layers (Fig. 1C). The
doping processing may be conducted by ion doping or ion
implantation. Ion doping is conducted under the conditions
of a dose amount of 1 x 10 to 5 x 10**/cm® and an acceleration
voltageof 60 to100keV. Inthisembodiment, dopingisconducted
at a dose amount of 1.5 x 10'°/cm® and an acceleration voltage

of 80 keV. As the impurity element providing_an n-type, an
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conductive |layers are forned by the first etching processing; 7 920548
The wdth of the first conductive layer in the channel |ength direction
corresponds to the first width shown in the above enbodi nent node.

Al t hough not shown, regions of the insulating film2106 to be a gate
insulating film not covered wth the conductive layers 113 to 116 of a
first shape, are etched by about 10 to 20 nmto be thin. Wthout renoving
the resist_ masks, first_ doping processing i s conducted, whereby an inpurity
el enent PTG hgPe L ALRY pkC i G- Admed® t o ¥Réc§%%¥coﬁﬁ%%P%?rP§yé?é ?Fig. 10
. The dopi ng praocessing. may be conducted bg i on doping or_ion .
inplantanEﬁﬁn}%ﬁA@Hp?ﬁ@“¥§{coﬁﬁﬁéﬁéﬁ phaePheREs dGhdiEibiRd - ofl tatlyése
amount of 1 x 1013 to 5 x 1015/cm and an accel eration voltage of 60 to 100
keV. |In tFR%e enBBtiGEICtdofs AgYiesscdrduEp ell 6 dfunetdede agn®apksoviths x
1015/ cm and an accel eration voltage of 80 keV. As the inpurity el ement

provi di ngFeFPect yige, th Ippur iZ WRY PGES erevddtingeronyr AjPto @roupbis,
typically, phosphorus (P) or arsenic (As) is used. Herein, phosphorus (P)
is used. hghh¢encenteatine topductyvectbyesslif I a d2L16rkuficringd a8 nasks
wWith respect to the inpurity elenent providing an n-type, whereby
hi gh- concense&ft+ahignpanitt pansgirons Abl8mpmrlidl avlerfarinetipart ing an
sel f-alignnment manner. An inpurity elenent inparting an n-type is added to
t he hi gh-rwotgpatiraaidadi npihiet yigkgeonseftBation impurity regions 118
to 121 in a concentration of 1 x 10*° to 1 x 10%*'/cm’.
Then, without removing the resist masks, second etching
processing is conducted. Herein, etching is conducted for 25
seconds by usihg SFe¢, Cl;, and Q; as etching gas (flow rate ratio:
24/12/24 {(sccm)} with an RF power {(13.56 MHZ) of 700 W supplied
to a coil-shaped electrode at a pressure of 1.3 Pa to thereby
generate plasma. An RF power (13.56 MHZ) of 10W is also applied
to the substrate side (sample stage), whereby a substantially
negative self-blas voltadge is applied thereto. In the second
etching processing, an etching rate with respect to W is 227.3
nm/min., an etching rate with respect to TaN is 32.1 nm/min.,
and a selectionratioof Wwithrespect toTaNis 7.1. Anetching
rate with respect to SiON that is the insulating £ilm 106 is
33.7 nm/min., and a selection ratio of W with respect to TaN
is6.83. Inthe case of using 8F; as the etchinggas, a selection
ratio with respect to the insulating £ilm 106 is high, so that

a decrease in a film thickness can be suppressed.

The taper angle of W becomes 70° in the second etching
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to 121 in a concentration of 1 x 1020 to 1 x 1021/cm Then, "t FHavt 2p05
renmovi ng the resi st masks, second etching processing is conducted. Herein,
etching is conducted for 25 seconds by using SF6, Cl2, and 02 as etching
gas (flowrate ratio: 24/12/24 (sccn)) with an RF power (13.56 MHZ) of 700
Wsupplied to a coil-shaped electrode at a pressure of 1.3 Pa to thereby
generate plasma. An RF power (13.56 WMHZ) of 10 Wis also applied to the

SubsLr 2t SyBlEe ST o5 pEko her R HBSIAR ek g0 gl 01 e

vol t age i app |e fher i ng proc

rate with_res rate with r ect to
TaN is 32%9° %ﬁ&rﬁoﬁl&c%’h\ﬁe iaéfglrgc?%tﬁ Hpa{‘?g‘gc?f Ei/\? gﬁdres B et?ﬁﬁ’%ﬂ is 7.
1. An etchin te Wit resa i ON t hat ﬁ aiinsulatﬂ‘ingfilml%is
33.7 nm MRS ahiy® af SEFEcPPBIUFP H’S FYWW fherBepecy £6°%5 sT8T83. In
the case of usi SF6 as the etchi ng %)a selection ratio with respect
to the instFat Cr?g"q‘%qi}ﬁ‘i%é%l@rrﬁ gh2 tlﬁé’_ha alfid8r ek A TRSINMPPRI ckness
can be suppressed. The taper angle of Wbeconmes 70 in the second etching 23
1 7 MAY 2908 Hr d%%‘é‘é?%by Ftire Hekdhbh o f ithe fd Tsdc 6RFCCEHViFg LY 6EEs4Fng,
second conductive layers 122b to 125b are forned. On the other hand, the
first cond@rreved|byerioatrel hbb diy €t ched abwiftordm3 oy svegofibactipyall ayers
122a to 125a. (Fig. 1D) Al though not shown, actually, the width of the
first conlalh%@|wﬁaywn%remwﬁwaebytab@&e@% the iseeondapbghing3 dim
over the total

processing. Furthermore, the width of the second conductive

layer in the channel length direction corresponds to the second
width shown in the embodiment mode.

The electrode formed by the first conductive layer 122a
and the second conductive layer 122b is to be the gate electrode
of the n-channel TFT of the CMOS circuit formed by the following
steps. The electrode formed by the first conductive layer 125a
and the second conductive layer 125b is to be one electrode
of the retention capacitor formed by the following steps.

It is also possible to use CFy, Cl,, and 0; as the etching
gas in the second etching processing. In this case, etching
may be conducted by generating plasma under a flow rate ratio
of 25/25/10 (sccm) with an RF power (13.56 MHZ) of 500 W supplied
to a coil-shaped electrode at a pressure of 1 Pa. An RF power
(13.56 MHZ) of 20 W is also applied to the subs£rate side (sample
stage), whereby a substantially negative self bias voltage is
applied thereto. In the case of using CF,, Cl,, and O, , an

etching rate with respect to W is 124.62 nm/min., an etching
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line width) conpared with the state before the second etching, _processing.
Furthernore, the width of the second conductive layer in thel (ZhHA\ﬁefg%

| ength direction corresponds to the second w dth shown in the enbodi nent
node. The el ectrode forned by the first conductive |ayer 122a and the
second conductive layer 122b is to be the gate el ectrode of the n-channel
TFT of the CMOS circuit fornmed by the follow ng steps. The el ectrode
formed by the first conductive |ayer 125a and the second conductive | ayer

ay [ ) v

125b is t5*b® "orfd EPEREFEA TN +he Or &7 HP{BH cafdd & eSS Bytifie
followwng steps. It is also possible to use CF4, Cl12, and 2 as the etching
gas in thef Yetbhiy reserictgt predeissPng® - | TR s tEsdbl1dnds ngleahivoly
conducted by generating plasma under a flowrate ratio of 25/25/10 (sccm
with an RELEBREr (1BUBSBh#FRYTef 500 WriGpptawrl fbea egioshamdd Ehectrode
at a pressure of 1 Pa. An RF power (13.56 MHZ) of 20 Wis also applied to
t he subst+Bafelatdvg(S4kp 065t BgE) covipER@byiahstbst appilaftjvaecyareve sel f
bias voltage is applied thereto. In the case of using CF4, Cl2, and 02 ,
an et chi hg2rk® el 3w t 9 respectt tshane s arx 6xhead wvynaboart SO0chiingo2kel 7 MAY
2005 rate with respect to TaNis 20.67 nmmn. , and a selection ratio of
Wwith retpégt to TaN is 6.05. Thus, the Wfilmis selectively etched.
Furthernore, in this case, the regions of the insulating film 106, not
covered with t hEBheondattevereapsrisg 22 tmesli2t ofaskd | rsécshdpéppang et ched
by about 50 nmto be

processing is conducted to obtain a state shown in Fig. 2A.

Doping is conducted using the second conductive layvers 122b

to 125b as masks with respect to an impurity element so that

the impurity element is added to the semiconductor layers below

the taper portions of the first conductive layers. In this

embodiment, phosphorus (P) 1s used as the impurity element,

and plasma doping is conducted under the doping conditions of

a dose amount of 1.5 x 10**/cm?®, an acceleration voltage of 90

‘keV, an ion current density of 0.5 pA/cm?, phosphine (PH)) 5%

hydrogen dilute gas, and a flow rate of 30 sccm. Thus,

low-concentration impurity regions 127 to 136 are formed so

as toc be overlapped with the first conductive layers in a

self-alignment manner. The concentration of phosphorus (P)

added to the low-concentration impurity regions 127 to 136 1is

1x107to1x10%*®/cm?, and the low-concentration impurity regions

127 to 136 have a concentration gradient in accordance with

the thickness of the taper portions of the first conductive

"layers. In the semiconductor layer overlapped with the taper
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thin. Then, after renoving the resist masks, second doping 1P %g\;s%@? IS
conducted to obtain a state shown in Fig. 2A. Doping is conduct’ed T ng

t he second conductive layers 122b to 125b as masks with respect to an
inmpurity element so that the impurity elenent is added to the

sem conductor |ayers below the taper portions of the first conductive

| ayers. In this enbodi nent, phosphorus (P) is used as the inpurity '

el enent, _and.plas dqping i s conducted under the doping conditions of a
Gose. amouRb i8p S Enda R o0n R OLUe e TavaE. cin VDR HagEY 6Pm66n k@Y1 oan | on
current d gsitﬁ/ of 0.5,A/ﬁmz, IphEtc))%é)hi ne (PH3) 5% hydrogen dilute gas, and
a flow raté GCIGRPELRMOFhSET T ghegnetayi oy ﬁéﬁr%@lolfe@l%ﬁ§PfZ7 to
136 are formed so as to be overlapped with the first conductive |layers in
a sel f-aPPghdeRt Rénnkle The TonGtdutiloie ofl aykasphBrasdip) adl@ee to t he
| ow- concentration inpurity regions 127 to 136 is Ix 1017 to 1 x 1019/ cn®,
and the | §RECIALER i bR HhfpErFePdrdpioHs PI27eE61R86 havacentarddetryr ati on
gradient in accordance with the thickness of the taper portions of the
first confdEtird®utigyeis frrmeHe sBRFERATNCTrer Amyierpwniery sgpaendi tis t he
taper 25 1 7 MAY 2005 portion of the first conductive layer, an inpurity
concent r aBilR 2ffedohechie dtiPn) ceoresebSatign adRlT ity g idres i 6o t he
taper portion of the first conductive |ayer inwardly. Mre specifically,
in the seédhdt@ofPRR pidbesonegntayaddmeenmpatriidry regions 137 to 145.

In this embodiment, the width of the tapered portion {(the
width in the channel length direction) is preferably at least
0.5 pum or more and the upper limit thereof is 1.5 to 2 um,
Accordingly, though depending on the film thickness, the upper
limit is also 1.5 to 2 um for the width in the channel length
direction of an impurity region {low concentration) having a
concentration gradient. An impurity - region (high
concentration) and an impurity region (low concentration) are
shown as separate regions in the drawing. In fact, there is
no definite border but merely a region having a concentration

| gradient. Similarly, achannelformationregionandan impurity
region (low concentration) do not have a definite border between
them.

Next, the area other than the pixel portion is covered
withresist masks 146 and 147 to conduct thirdetching treatment.
In the third etching treatment, the tapere_d portions of the
first conductive layers are selectively etched so as to remove

the regions that overlap the semiconductor layers. The third
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distribution is forned. Furthernore, an inpurity elenment isq @My agmed to
t he high-concentration inpurity regions 118 to 121 to form
hi gh-concentration inpurity regions 137 to 145. In this enbodi nent, the
wi dth of the tapered portion (the wdth in the channel |ength direction)
is preferably at least 0.5 mor nore and the upper limt thereof is 1.5 to
2 m Accordingly, though depending on the filmthickness, the upper |imt
is also 1.5 to 2 umfor the width in the channel length direction of an
i mpurity PEGRORIETER EHTdentearr@DcHad 9rF 61: EbateashighsgladtéMe. An
inmpurity region (high concentration) and an inpurity region (low
concent r arpbAYP akeh R as slpardtemmlayons AP tdechimmideyicen f ast
there is no definite border but nmerely a region having a concentration
gr adi ent . tBig pabpgimgndhafhel dasr rdovwowrategiodh CAndiansefipiiri B9 seedi on
(Il ow concentration) do not have a definite border between them Next, the
ar ea ot heanfilranRT Ha 3piH6aH P b powenr ¢ 360WeLediveint ho resi stedrdkstidBeand 147
to conduct third etching treatnent. In the third etching treatnent, the
t aper ed pettd pnssefirehef 1f 2rd toosheta e pllagaast ar 8 0ssdawid eekhiegched so
as to renove the regions that overlap the sem conductor |layers. The third
26 1 7 MAYh2088bstchingsideal semplasesags) aetade egas: GF3 (IBatbeha¥za hi gh
selective ratio with respect to Wand enploys an I CP etching device. In
t hi s enbogbwentof $O& gaspbiow sabetafit CAB1 1 segeit ive 801 B€lshas voltage.
First conductive layer 124c is formed through the third etching.
(Fig. 2B)
Although an example of executing the third etching
treatment is showed in this embodiment, the third etching
treatment is not necessary to perform here 1f there 1is no

regquirement.
Next, the resist masks 146 and 147 are removed to form
a first interiaver insulating f£film 154. The first interlayer
insulating £film 154 is formed froman insulating filmceontaining
silicon toa thickness 0of 10 to 200 nmby plasma CVD or sputtering.
"The first interlayer insulating £film 154 serves as an etching
stopper to aveid over-etching of the semiconductor layers when
contact holes are formed later in the insulating film reduced
inthickness during themanufactureprocess. Inthisembodiment,
a silicon .oxide £film with a thickness of 50 nm is formed by
plasma CVD. The first interlayer insulating film 154 is not
limited to the silicon oxide £ilm, of course, and a single layer

or laminate of other insulating films may also be used.
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and an RF (13.56 MHZ) power of 350 Wis given to a coiled e# ercqu?ﬂgsat a
pressure of 1. 2 Pa to generate plasma for 30 second et ching. e

" substrate side (sanple stage) receives an RF (13.56 MHZ) power of 50 Wto
apply a substantially negative -sel f-bias voltage. First conductive |ayer
124c is fornmed through the third etching. (Fig. 2B) Al though an exanpl e of
executing the third etching treatnent is showed in this enbodi nent, the
third etching reatpent, i s not necessary tq performhere if there is no

requi r enent . Xt ¢ hae R e kemeabs 356 14799P e thenmRBr IAYor o a
first interlayer insulating film2154. The first interlayer insulating film
154 is for $ 1R AFSnuted iy AR dontdioni By - sTREcamt v Biehi Ekness of
10 to 200 nm by (gl asma CVD or sputtering. The first interlayer insulating
film 154 ¥HEEEOVIRRLTRAL RPN b 1 StLH Sadbicd iedringt ERFRgles thee
sem conduct or: | ayers when contact holes are forned later in the insulating
filmredudeRPtIate hi%kﬁé@s’le@ﬂ}ﬁidnd:q hehedrat aghbpalprecdss.a |ifFpgen
enbodinent, a silicon oxide filmw th a thickness of 50 nmis forned by
pl asma COVAEOFRNETe SOnRiE iy dr PPASOY ake$y off PHYYSS .i Braderablwi@ el to the
silicon oxide film of course, and a single layer or lam nate of other
i nsul at i repH idmd egayofllrsict hegers edm@piere MAY 2005 Ng0, Ct heypipatlyy
el ements used to dope the sem conductor layers are activated as shown in
Fig. 2D. g tacbb04&ii oid shis embodiment, the activation treatment is
made through heat treatment at 550C for four hours. Other than
thermal annealing, laser annealing or rapid thermal annealing
{RTA} can be employed.

Though not shown in the drawing, the impurity elements
are diffused through the activation treatment to thereby erase
the border between thé n-type dimpurity regions (low
concentration) and the impurity regions (high concentration)
almost completely.

In this embodiment, nickel used as the catalyst in
crystallization is gettered and moved to the impurity regions
containing a high concentration of phosphorus at the same time
the above activation treatment is conducted. As a result, the
nickel concentration in the semiconductor layers that mainly
serve as the channel formation regions is reduced. If achannel
formation region thus formed is used in a TFT, the TFT can have
high field effect mobility and excellent characteristics owing

to reduced OFF current value and improved crystallinity.

The activation treatment may be conducted before forming
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achi eved by thermal annealing using an annealing furnace. 4T [
subjected to thermal annealing in a nitrogen a?nnsphere caﬂ?y?ﬁgggiaaggnis
or less of oxygen, preferably 0.1 ppmor less of nitrogen atnosphere, at
400 to 700t, typically 500 to 550 C. In this enbodinent, the activation
treatment is made through heat treatment at 550C for four hours. Qher
than thermal annealing, |aser annealing or rapid thermal annealing (RTA
can be enployed. Though not shown in the drawing, the inpurity elenents

are di f {ysad #dv eHgBri Ageaciiaatd oing feanmerfowevenertby Era¥eriPHe bor der
between the n-type inpurity regions (low concentration) and the inpurity
regi ons;¢hbgha¢araent atbconk wakmosadawl deelty. iknishpseéaisdiméft , ni ckel
used as the catalyst in crystallization is gettered and noved to t he

i Mpuri t ¥ RROLARSE i £9PE] tH Nt Miigl wendent falnofenfimphdspghoruididi® the sane
time the above activation treatment is conducted. As a result, the nickel
concent %%E'nﬁéz :Ont hen $851GaRMEE OF ok ayein fehah sMmiiiioy nser v@e &9 1rhe channel

formation'regions Is reduced. If a channel formation region thus formed is

used ir]fi gFT- &31 e . ' il i '
Rl addedd] canaheverndi gbtivetdonf teettambitl mtsy iand hebec
characteéeristics owing to reduced OFF current value and i yroved el I ent

cryst o i e RO S Siamslotbsasndct e before foring 2
yer insulating film However, when the wring
Next,heattreatmentisconductedinahydrogenatmosphere
to hydrogenate the semiconductor layers. Other hydrogenating
methods that can be used include plasma hydrogenation (using
hydrogen excited by plasma) .
When laser annealing is employed for the activation
treatment, the substrate is desirably irradiated with laser
light of an excimer laser, a YAG laser, or the like after the
above hydrogenation.
A source wiring line 126 is formed next on the first
rinterlayer insulating £film 154. (Fig. 3A) The source wiring
line 126 is preferably formed of a low resistant material,
typically, aluminum, gsilver, copper or a material mainly
containing above materials.
The conductive. f£ilm mainly containing aluminum is formed
byasputteringinthisembodiment,thereafter,thesourcewiring
line 126 is formed using a photolithography. 1In addition, as
another method of manufacturing the source wiring line 126,
the printing and the plating can be used.

Then a second interlayer insulating £ilm 155 is formed
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line material used is weak against heat, it is preferred tq ?frﬂwnzg first
interlayer insulating film(an insulating film mainly contailni'ng i con,
for exanple, a silicon nitride filnm first and then conduct the activation
treatment as in this enbodinent to protect the gate el ectrodes. Next, heat
treatnment is conducted in a hydrogen atnosphere to hydrogenate the

sem conduct or | ayers. OQther hydrogenating nethods that can be used include

I hyd ti i hyd .exci ted by. pl Wh I
Bnneal i ngePs SBmi R For (B CHBE AT on 1 1 Et WERT L5 1 hERUBSDF RS (Fs

desirably_ irr gi ated_ Wwth laser |ight of an_excinmer Iaser,encngAG | aser, or
the |ike APEBFEEABY BHOUAHYHT HFEHHITTH R SIIdh-CS RrYi Ay Y5HE TP% th€ for med
next on the first i nﬁerl ayer insul ati ng film154. (Fig. 3A) The source
wiring |FRECRS6IPECpLEYEFabPFIAEFABE 6f18 How resistant material,
~typically, alumnum silver, copper or a material nmainly containing above
materials. The tbhBOEERVE FRFM REI APY™EBAL PRI AGUACENAGH s 1i8endd® by a
sputtering in this enbodinent, thereafter, the source wiring line 126 is
for med usPRGtRE gHAI Lokeglayey. irpudddippohlilad 5ahst Hepwimstaicy 6he
manuf acturing the source wiring line 126, the printing and the plating can
be used. FABACTE IEEEAY intnd | BYEr PEndoraEidng s i the 158cPrAf dpfedlager 7 MAY
2905 '

insulatingfilm. Inthiscase, thesecondinterlaverinsulating

filmis formedusingasiliconnitride filmafter the activation,

heat treatment is conducted (at 300 to 550C for one to twelve

hours) to hydrogenate the semiconductor layers, and then the

sourcewiring line is formed on the second interlayer insulating

film. The hydrogenation in this case is for terminating

dangling bonds in the semiconductor layers with hydrogen

contained in the second interlayer insulating film.

Next, a third interlayer insulating f£ilm 156 is formed

on the second interlayer insulating f£ilm 155 from an organic

insulatingmaterial. In this embodiment, anacrylicresinfilm

is formed to a thickness of 1.6 um. Then contact holes reaching

the impurity regions (137, 138, 149, 150, 151, 153, and 144),

a4 contact hole reaching the source wiring line 126 of pixel

portions, contact holes reaching the gate electrodes 124 and

contact holes reaching the electrode 125b are formed by

patterning.

Formed next are electrodes 157 to 160 electrically

connected to the impurity regions 137, 138, 149, and 150,
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so as to cover the source wiring of pixels. An inorganic 1 rstA%t208§ fil m
mai nly containing silicon may be used for the second interlayer insulating
film 155. Although a case of formng the source wiring line 126 on the
first interlayer insulating fil-m154 is shown here, the source wiring line
may be formed on the second interlayer insulatingfilm In this case, the
second interlayer insulating filmis forned using a silicon nitride film
after the activatio gf t treatnment is conducted (at 300 to 550 C for one
§velny bt

to twel ver SHRTY GG d S ERPcHNALCE YRR AL, TRAIVFRERTt he
source wiring line is forned on the second interlayer insulating film The
hydr ogenatton?th- t HilsS e &l fAdie GePhifdt PhECLERAEI 1Hd BORAETLRAE hE
sem conductor |ayers with hydrogen contained in the second interlayer
i nsul ati NgPFRERTERGA The Iyl thr@digpel 47 syl &0i Hye AMpmrisy regiefned on
the second interlayer insulating film 155 from an organic_insulating
mat eri al . 139 13 SRR AComPHQY Hleateside ¥ iledh Ips ¢beabuicaldy
thi ckness of 1. 6 m Then contact holes reaching the inpurity regions
(137, 138conmecting thesimpygd tvaregian)lsl ghedntadio Hekeeraachfagrehe
source wiring line 126 of pixel portions, contact holes reaching the gate
el ect r odeseddn grtth cidme sorutnd eslrigex Hiime 1126 elfethreodéxe25poateéofior ned by
patterning. Formed next are el ectrodes 157 to 160 electrically connected
to the i npugate wagiows 113k U8B, el40trandilfOcod@ected to the gate
electrodes 124, and a capacitor wiring 169 electrically
connected to the electrode 125b. Theseelectrodes and the pixel
electrode are formed from a material having excellent
reflectivity, such as a film mainly containing Al or Ag, or
a laminate of a f£ilm mainly containing Al and a film mainly
containing Ag.
The impurity regions 135, 136, 144, and 145 functioning
as one of electrodes of a capacitor storage 207 are doped with
an impurity element that imparts the n-type conductivity. The
capacitor storage 207 is composed of electrodes 125a and 125b
connected to the capacitor wiring 169 and the semiconductor
layers with the insulating f£film 106 as dielectric.
Inthisway, adrivingcircuit 201 including a CMOS circuit
202 that is composed of an n-channel TFT 203 and an n-channel
TFT 204 can be formed on the same substrate as that on which
the pixel portion 205 having a pixel TFT 206 that is an n-channel
TFT and the capacitor storage 207 1is formed. (Fig. 3B) A

substrate as this is called herein an active matrix substrate
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1 7 MAY 2005 respectively. Also forned is the source wiring ?f7m gééﬁ/er
circuit. Also forned are a pixel electrode 163 electrically 'co C to
the inmpurity region 144 and to the inpurity region 153, an el ectrode
(connector electrode) 161 for electrically connecting the inpurity region
151 that is to serve as a source region wth the source wiring line 126 of
the pixel portion, a gate wiring line 162 electrically connected to the
gate electrodes 124, and,a capacitor wiring 169 electrically connected to
the el ectT T IDEH T ThEs2 e?%%%rodes and the pixel electrode are formed
froma material_hgving excellent reflectivity, such as a filmminly
containing Al o™ }é“,l%rem LB Hat £167 EEMOS mimEAity L8 oRE AR RESAI PBNd a
filmminly containi nrcij Ag. The inmpurity regions 135, 136, 144, and 145
functi oni‘?‘%m%stl?)‘?le“b‘r‘ %}P’g‘é%r%ﬂ“ésgg? and abfaei R ofR3rBehgEr 070 hreheped with
an inpurity elenment that inparts the n-type conductivity. The capacitor
st or age F&Icotposed of el ectrodes 125a and 125b connected to the
capacitor wiring 169 and the sem conductor layers with the insulating film
106 as di el ect ri%d- |5 ithies taRyViavw def Vviliey Rdixecluiper2gPn fél GHPNgchiTCVOS
circuit 202 that is conposed of an n-channel TFT 203 and an n-channel TFT
204 can HEREBFREYLSHTERE Sl cribed Latacany dange vhathindls embhedphset - porti on
205 having a pixel TFT 206 that is an n-channel TFT and the capacitor
st orage 207 k9§ oF necempFrgntgpyorrespbsdiagetasthbss iz Fapl edBharei n an
active matrix substrate

denoted by the same symbols. The sectional view indicated by

the dot-dash line A-A’' in Fig. 3B is taken along the dot-dash
lineA-A'inFig. 4. Thesectionalviewindicatedbythedot-dash
line B-B' in Fig. 3B is taken along the dot-dash line B-B' in
Fig. 5. The Fig. 4 shows a top view when just behind the source
wiring 126 of the pixel is formed.

In the pixel structure according to this embodiment, the
edge of the pixel electrode 163 overlaps the source wiring line
126 so that a gap between pixel electrodes is shielded against
light without using a black matrix.

The process shown in this embodiment requires only six

photo masks in manufacturing an active matrix substrate.

Second Embodiment

In this embodiment, a process for manufacturing an active
matrix liquid crystal display device using the active matrix
substrate manufactured in Embodiment 1 will be described. The

description is made with reference to Fig. 6.
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31 1 7 NMAY 2005 for conveniences' sake. In this enbodinmentj TheE

circuit is structured by wusing the n-channel TFT 203 and the n-channel TFT
204 shown in Fig. 8A. Fig. 5is a top view of the pixel portion of the
active matrix substrate fabricated in accordance with this enbodinment. In
Fig. 5, conponents corresponding to those in Fig. 3B are denoted by the
sane synbols. The sectional view indicated by the dot-dash line A-A in
Fig. 3B is taken along the dot-dash I|ineA-A inFig. 4. The sectional view

i ndi cated by t He-Tdt - dieT thReaBEBVe i T i BB Siratewd tal 6hg shetelot - dash
line B-B' in Fig. 5 The Fiqg(. 4 shows a top view when just behind the
source Wi Fig- 13 isforrinsdarcrs disgnee Embedimensi keRnsarigr trel@ecor di ng
to this embodi ment, the edge of the pixel electrode 163 overlaps the
source wWiki¥y 3Qhels fremasl vRatthe gapivet wesmipi gabserater ofeBigs 3B el ded
against light without using a black matrix. The process shown in this
enbodi nenfio Peqifiamas apntipbing pphoees madkst ¢ themufiactbii s gmiaed feeive matri x
substrate. Second Enbodi ment In this enbodinent, a process for
manuf act Wrefgrancte tiommatimn iof [theuied ienysttdlondifdphagodievateougamiget he
active matrix substrate manufactured in Enbodinent 1 will be described.
The descrespitn diilins swade asl &h aefel boceedin Hiiglm 6.s patterned to form
a columnar spacer for keeping a gap between substrates in a
" desired position. Also, instead of the columnar spacer, a
spherical spacer may be distributed over the entire surface.
Next, an opposing substrate 300 is prepared. A color
filter in which a colored layer 302 and a 1light shielding layver
303 are arrandged corresponding to each pixel is provided in
this opposing substrate 300. Also, a light shielding layer
303 is provided in a portion of a driver circuit. A leveling
film 304 for covering this color filter and the light shielding
layer 303 is provided. Next, a counter electrode 305 made of
a transparent conductive film is formed in a pixel portion on
the leveling £11lm 304, and then an orientation £ilm 306 is formed
on the entire surface. of the opposing substrate 300 to perform
a rubbing process.
Then, the active matrixz substrate in which the pixel
portion and the driver circuit are formed and the opposing
substrates are adhering to each other by using a sealing member

307. The filler is mixed with the sealing member 307, and two

substrates are adhering to each other with a uniform interval
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32 1 7 MAY 2005 First, after the active matri x subs |
_ _ _ , _ _ trate t tate of
Fig. 3B is obtained according to Enbodi nent 1, an orientéﬁ?oaA+pﬁm 301 is

fornmed on the active matrix substrate of Fig. 3B to [
process. Note that, in this enbodinent, be?ore t he fgfggg{ghaogusﬁgng
orientation film301, an organic resin filmsuch as an acrylic resin film
is patterned to form a columar spacer for keeping a gap between
substrates in a desired position. Also, instead of the columar spacer, a
spheri caly $PaGek iMyrbendi sid iduhethayepadee entfterstibthce? MNextid an
opposi ng "substrate 300 is prepared. A color filter in which a coiored

layer 3Q2.and@ hd @it shiebgi ng Layetcted03nave aars goridi
: : , _ parge dedoratas ng t
each pixel” 1s provided in this opposing substrate 300. Also, a Iigh? 0

shi el di ng,l ayel+ S83dl EndX O¥ngedtien : seel LoDmear
( _ N yoerdh $0ha0dd dyds Beel iogrmeamer A
| evel i ng .4$?n1304 for covering this color filter and the light shielding

layer 303,45 H{QW Aeda Nexln aicauat er
-3 . ed. . . vekaat maderidd madebefusadtaanspar ent
conduct|§% ?l#ﬁnls formed in a pixel portion on the leveling filn1302, and

then an orientatixQn-fdddm A06etsaleromd TaRst heheati Lee surtrcel bfu
: ] ! i@
opposi ng sugstrate O to perform a rubbing process. Then, thg@actfve

mat ri X subst aje EQ ﬂQ'CH Lk i . . . .
Gr d b hgePhXekhoRAr thorigndst he dompeeteidr.culf
f ormed andy?%e oppoglng su%strates are adher?ng to each other by US?LS a

fﬁgling nenber 307y e fid hgtri s SMo@d-d br the gald ngy sepbberass?, and
is cut with a predetermined shape. Also, a polarization plate
and the like are suitably provided using a known technique.
And, an FPC is adhering to the active matrix liguid crystal
display device using a known technique.

Astructureofaaliquidcrystalmodulethusobtainedwill
be described using a top view of Fig. 7. Note that the same
reference symbols are used for portions corresponding to those
of Fig. 6.

The top view of Fig. 7 shows the state that the active
matrix substrate and the opposing substrate 300 are adhering
to each other through the sealing member 307. Over the active

. matrix substrate, an external input terminal 309 to which the
pixelportion,thedrivercircuit,andtheFPC(flexibleprinted
circuit) are adhering, awiring 310 for connecting the external
input terminal 309 with an input porticn of the respective
circuits, and the like are formed. Also, the color £filter and

the like are formed in the opposing substrate 300.

A light shielding layer 303a is provided in the opposing
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substrates are adhering to each other with a uniforminterval 3B7IMAY \NIBESH
2005 by this filler and the columar spacer. After that, a liquid crystal
material 308 is injected into a space between both substrates and then
conpl etely encapsul ated by a sealing nenber (not shown). A known liquid
crystal material may be used as the liquid crystal material 308. Thus, the
active matrix liquid crystal display device as showmn in Fig. 5is '
conpleted. |f_ _necessary, the active nmatrjx substrate or the opposing
SPE AT LA LD

substrat e® St PEIELT VT HEaP Sl 2 @58, WX Ry i firdn ®pl at e
and the |like are suitabln%}grovi ded _using a _known techni que. And, an FPC is
adhering Fo*FHéatPide ?x § Iq@dF ePy&LarinadidpehyS Y iice PasVAEe4d known
techni que. A structure of a liquid c_ralstal modul e thus obtained will Dbe -
descri bed*BsthRg WLROPLY SHRI LTS SEdNGea6hhP PTRT s’ 1 tleffeBOHES sy hol S
are used for portions corresponding to those of Fig. 6. The top view of
Fig. 7 shB#&1PHeSsfat@rinatf ¢Hecwet i3l matlni 2 bl rigketathd dhahdgposi ng
substrate 300 are_ adheri ng to each other through the sealing menber 307.
Over the a8tRRRAVidRd OvestBstRREs g sabsdmadie FaPaOn ardi¥rl PRCF O whi ch
the pixel portion, the driver circuit, and the FPC (flexible printed
circuit) &Pe-atlHddhigshaekdingglayerfand codmaed hgyehe foa eenalectilvsut
terminal 309 with an input portion of the respective circuits, and the
i ke are fodpwd. rafiseolohe(Rbl arredrn mlagndG) ., and blue color (B) are

providedcorrespondingtoeachpixel. Actually, acolordisplay

is formed using three colors, that is, the colored laver for

the red color (R), the colored layer for the green color (G},

and the colcored layer for the blue coleor (B). Note that the

colored layers for respective colors are arbitrarily arranged.

Here, foracolordisplay, thecolor filter 302 isprovided

over the opposing substrate. However, the present invention

is not particularly limited to this case, and in manufacturing

the active matrix substrate, the color filter may be formed

over the active matrix substrate.

Also, in the color filter, the light shielding layer is

provided between adjacent pixels such that a portion except

for a display region is shielded. The light shielding lavyers

303aand 303bareprovidedinaregioncovering thedrivercircuit.

However, when the liquid crystal display device is incorporated

into an electronic devide as a display portion thereof, the

region covering the driver circuit is covered with a cover.

Thus, the color filter may be constructed without the light
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the like are formed in the opposing substrate 300. A |ight shiﬁqupqgh$yer
303a is provided in the opposing 34 1 7 MAY 2005 substrate side so a o
overlap with a gate wiring side driver <circuit 20la. Also, a |light
shielding | ayer 303b is provided in the opposing substrate side so as to
overlap with a source wring side driver circuit 201lb. In a color filter
302 which is provided over the opposing substrate side on a pixel portion
205, a Ingt hiel ding | ayer and colored | ayers for respective colors red
col or (R Z24F ‘éﬁng&aé%r(ﬁ) Ingapufiard woing thepchige nataviegoebF#e8pondi ng
to each pixel. Actually, a color display is forned using three colors,
that is, the Iddhr s4iedfemng davernpay &f Eorped(myer tihe asltévedabyex for
the green color (G, and the colored |ayer for the blue color (B). Note
that the S@bFBF@BCl ayers for respective colors are arbitrarily arranged.
Here, for a color display, the color filter 302 is provided over the
~opposi ng subst r&teo . Hikevert previpitserthd dvahtt shielldingt lpaerictharly
limted to this case, and in manufacturing the active nmatrix substrate,
the col orce¢idred Aayers fanmersimyethe heodori Wa liretr imaysubst saitabMrso, in
the color filter, the light shielding layer is provided between adjacent
pi xel s sughrghgeda porvdem dkeeptpréoing dudpltanatecgrnd itheshcehdedr The
light shielding |layers 303a and 303b are provided in a region covering the
driver cietactrodéionsebr thahehighe bhduaildiopystahadéspyay Hevicetisn
i ncor por at ed

layer laminated with a plurality of layers. Thus, the portion

except for the displdy region (gaps between pixel electrodes)
aﬁd the driver circuit may be light-shielded.

Also, the FPC 411 which is domposed of the base £ilm and
the wiring is adhering to the external input terminal by using
an anisotropic conductive resin. Further, a reinforced plate
is provided to increase a mechanical strength.

The 1liguid crystal module manufactured above can be used

as Tthe display portion of various electronic equipments.

Third Embodiment

With respect to the n-channel type TFT of the first
embodiment, the enhancement type and the depression type can
be discriminatively formed by doping an element belonging to
the fifteenth group of the periodic table (preferably,
phosphorus)or an element belonging to the thirteenth group of
the pericdic table (preferably, boron) into the semiconductor

serving as the channel-forming region.
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into an electronic device as a display portion thereof, the ngkgg 2005
covering the driver circuit is covered wwth a cover. Thus, t 'of o™
filter may be constructed without the light 35 1 7 MAY 2005 shi el di ng

| ayer. In manufacturing the active matrix substrate, the |light shielding
| ayer may be forned over the active matrix substrate. Al so, w thout
providing the light shielding |ayer, the colored |ayers conposing the
color filter may be suitably arranged between the opposing substrate and
the counter electrode such that light shielding is nade by a |am nation

| ayer Lam nat g wih 2l unpl 140 of Laver sy Taus, diepar L oneogxeant, for

t he di splay region (§aps between pi xel el ect rodes) ~an he” dr PVer“ crr cui t

may be Lightnshielded.so. tihe FRe41ll mhichais eopposadof the base film

and the wring’is adhering to the external i1nput termnal by using an

ani sot r @pk@cConduci kversened. pr thiefandenmaiif anged pirate (herphravirded to
i ncrease a nechanical strength. The liquid crystal nodul e manufactured
above carfkergsedo as tHEMISpliaycyior't) cmof tvar o olusr etasereneceequi peent s.
Third Enbodi nent Wth respect to the n-channel type TFT of the first

enbodi méREmechd YerfRMeENEd ) penBAACERENdefv@ssidi typecpaAssShen type

di scrim pativel forne% b& %Q i ng an_el enent, beLonging to the fifteenth
aroup of "FRE BETIESdi d ST ABIFEC( pPefér aByoS cizeuit!y.

Here, Fig. 8A shows a case of the EEMOS circuit, and Fig.
8B shows a case of the FEDMOS circuit. In Fig. B8A, each of
reference numerals 31 and 32 represents an enhancement type n-
channel type TFT (hereinafter referred to as "E-type NTET"). In
Fig. 8B, reference numeral 33 represents an E-type NTFT, and
reference numeral 34 represents a depression type n-channel
type TFT (hereinafter referred to as "D-type NTFT").

In Figs. 8A and 8B, VDH represents a voltage source line
(positive wvoltage socurce line) tc which a positive voltage 1is
applied, and VDL represents a voltage source line (negative
voltage source line) to which a negative voltage is applied.
The negative voltage source line may be a power source line of
the ground potential (i.e., ground voltage source line).

Fig. 9 shows a case where a shift register is formed by
using an EEMOS circuit shown in Fig. BA or an EDMOS circuit
shown in Fig. B8B. In Fig. &, reference numerals 40, 41
represent flip flop circuits. Further, reference numerals 42,
43 represent E-type NTFTs. A clock signal (CL} is input to the
gate of the E-type NTFT 42, and a clock signal (CL bar) having

the inverted
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phosphorus) or an el ement belonging to the thirteenth group @fMAY

periodic table (preferably, boron) into the sem conductor serving as the
channel -formng region. 36 1 7 MAY 2005 Further, in-the case where an NMOS
circuit is formed by conbining.n-channel type TFTs, there are two cases,
one case where it is formed by enhancenent type TFTs (hereinafter referred
to as "EEMOS circuit") and the other case where it is formed by conbining
an enhancenent type and a depression type (hereinafter referred to as
"EDMOS ciRcd@nity iFetePuli e W §RGRsOR s & -dVPEhNTEEMES. diaf@nancand Fig.
8B shows a case of the EDMOS circuit. In Fig. 8A, each of reference

nuner al s Bmegid 42 rne@gessariisand newirdecerehtui y pendethe REMAEICc el tTFT
(hereinafter referred to as "E-type NTFT"). In Fig. 8B, reference nuneral
33 represdmwn an Eigyp@h NIFTheaR@MOBeCérents suemen din 4 ar.efBesentsed
depression type n-channel type TFT (hereinafter referred to as "D-type
NTFT") . las Ehgyn 8A ang. 85 . VOldorepmeslent $ha veeradé dolvieglaimwcuiipositive
vol tage source line) to which a positive voltage is applied, and VDL

repr esentcf shedilsggerysdarvteeldarebéneget imestabbyagectsoureke tiypre)FT0. whi ch a
negative voltage is applied. The negative voltage source line may be a
power source | immd sofemddiEi nggrotinghpaiee ired 1 i cambirgsdwnidcty ot Heagei sotr ce
line). Fig. 9 shows a case where a shift register is formed by using an
EEMOS Ci retibdd isteavn dmn Figg. s S I @bddividn€i rcui t

Fourth Embodiment

In this embodiment, a gate electrode different from that
of the first embodiment is provided in the pixel TFT as shown
in Fig. 10. In Fig. 10, only the pixel portion is illustrated
because only the gate electrode of thepixel portionisdifferent
from that of the first embodiment.

In this embodiment, the third etching treatment of the
first embodiment shown inFig. 2B isnot carriedout. Accordingly,
the first conductive layer 604 is overlapped with the impurity
region 603, 605 through the insulating £ilm, and the first
conductive layer 607 is overlapped with the impurity region
606, 608 through the insulating film.

The first conductive layer 604, 607 having the tapered
portion corresponds teo the first conductive layer 124a of the
first embodiment.

According to this embodiment, the number of mask sheets

can be reduced by one as compared with the first embodiment,
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shown in Fig 83 In Fi
. . - . g. 9, reference n
cir unerals 4
clogﬂlgféngrrzgfr,_reference numeral s 42, 43 rep?ésgﬁt E?F*ésgﬁﬁ_KMED fhop
signal (CL bar) %ab?nbnpghet?nbgst 3a%$ o ey abype NrET de angTZ'CﬁbCk
the e 1 7 MAY 20 ity is i

gate of the E-type NTFT 43. Reference nuneraloi4pfggigggn{: gzput Lo

inverter circuit, and the EEMOS ci ' i ;
circuit shown in Fig, 8B is usedC|rCU|t shown in Fig. 8A or the EDMOS

overal | drivi | _ ~as shown in Fig. 9B. A i
oveall St e St ol g spar o pecedouoecsanatr ottt
enbodi ment or the second enbodi nent. y befreely combined with ihe first

a gate gheetkodeadilf Eanche FPEHCE cof @b Embodiment 1n this embodiment
in the pixel TFT as shown in Fi flat g% he first enmbodinent is provided

B e L G S I
o S ek S 1 28 T 2,
. . ) i ; . . no i
i e anasebs Thoson'(he 113 o 1011 ans Che 1 e
through the insilcad n&i@irgLngﬁﬁgnﬁﬂthéQ&aﬁﬂﬁ¥%&t%aﬁﬁage@urﬁagtgggs
active matrix board used in a reflection type liguid crystal
display device is described. In this empodiment, a method of
maﬁufacturing an active matrix poard used in a transmission
type ijiguid crystal dilsplay will be described. In Fig. 11, only
the pixel portion ig illustrated in Fig. 11 because only the
pixel portion 1is different.
Fig. 11A shows a process in which according to the first
embodiment, atter a third interliayer insulating £ilmis formed,
a pixel electrode 700 comprising a transparent conductive £ilm
is subijected to a patterning treatment using a photomask to
form contact holes and form each of the electrodes and the gate
wires. The transparent conductive £ilm of thé pixel electrode
700 may be formed of ITO (alloy of jndium oxide and tin oxide}.
alloy of indium oxide and zinc oxide (In;03-Z2n0), zinc oxide
(ZnQ) or the like.
The pixel electrode 700 is electrically connected to an
impurity region 705 of a pixel TFT 702 by a connection electrode

706 overlapped with the pixel electrode 700. In Fig. 11lA,

reference numeral 701 represents a source wire, and reference
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The first conductive |ayer 604, 607 having the tapered poitfgpwc?gﬁesponds
to the first conductive |ayer 124a of the first enbodinent. ACcording to
t his enbodi ment, the nunber of mask sheets can be reduced by one as
conpared with the first enbodinment, 38 1 7 MAY 2005 and the nunber of

phot omask sheets needed to forman active matrix board can be reduced to
five. This enbodi nent may be freely conbined with any one of the first to
third enbodi nents. Fifth Enbodinent In the first enbodi nent, the method of
manuf act urimerahs 786t.1 et maprexehbaad eusbelctnode s efl hedtiioabypeméngui d
crystal display device is described. In this enbodinent, a nethod of

manuf act uthagcameaect ive etatcixodoarsd fugewkd afaetr ahsnpsgedneléypeolequi d
crystal display will be described. In Fig. 11, only the pixel portion is
il lustrates iorked). Hdwdresausefoad ytHheoniacel hpdre iienfosmdidf Aadethe Fi g.
11A shows a process in which according to the first enbodinment, after a
third i nteshmyet ibnsllattingld iknidnd @y rRE, pide Pelelctelodtet cotdpr 790ng
conprising a transparent conductive film is subjected to a patterning

t r eat menttiusi tgaasphetamrasgdordnctiordn £0n aghy hbkegoaned ggnaacto obet he
el ectrodes and the gate wres. The transparent conductive filmof the

pi xel el esteOULppd@0viay brRef 66HBEcOioh TOLELLOe0f | ndium oxide and tin
oxi de)

In the manufacturing method of achieving the structure
of Fig. 11A, the number of photomasks needed to manufacture
an active matrix board can be set to seven.

Fig. 11B shows a method of forming an active matrix board
used in a transmission type liquid crystal display device using
the pixel TFT 709 achieved by the fourth embodiment. The same
partsasFig. 1l1Aarerepresented by the same reference numerals.

InFig.llB,thegéteelectro@aofthepixelTFT709fbrms
the pixel electrode 700 comprising the transparent conductive
film like Fig. 11A.

In Fig. 11B, the structure of the gate electrode is
different from that of Fig. 11A, and each of first conductive
layers 707, 708 has a tapered-portion.

In the manufacturing method of achieving the structure
of Fig. 11B, the number of photomasks needed to form an active
matrix board can be reduced to six.

This embodiment may be freely combined with any one of

the first to fourth embodiments.

40



all oy of indium oxide and zinc oxide (1n233-2Zn0), zinc oxi1dfe M Y5 or the
| i ke. The pixel electrode 700 is electrically connected to an inpurity
region 705 of a pixel TFT 702 by a connection el ectrode 706 overl apped
with the pixel electrodé 700. In Fig. 11A, reference nuneral 701
represents a source wire, and reference 39 1 7 MAY 2005 nunerals 703, 704
represent gate electrodes. In this enbodinent, the connection electrode is
formed after the pixel electrode is formed. However, after the contact
hol e is f®iwele BAdcdhwentonnecti on el ectrode is formed, the pixel electrode
conprising the transparent conductive filmmay be forned so as to be

over | apped wi t hThhe egdonidetargni elabetregdesrilzed he trmtufhetamimg wierboed of
achieving the structure of Fig. 11A the nunber of photomasks needed to
manuf act up® thenpaxe i \pometgn @ndodrel scarceewsets tod ey drivAng cirgBishows a
met hod of formng an active matrix board used in a transm ssion type

| i qui d crase¢dbrdiespiragiifdéerentusicupsdde. pnxbke fIHN RS adhsevedtbynt he
fourth enbodi ment. The same parts as Fig. 11A are represented by the sane
r ef er enceonuyertad diffprEng. pdidts twhid lght eled @cibeatié naficot d@ gqriadcl wIEh 709
forms the pixel electrode 700 conprising the transparent conductive film
i ke Fig.rdfédrehbteFig.FildB, 14 he 13t Fllgt ur 2, ddnifheaigaie sehaceid adeeiss91

different fromthat of Fig. 11A, and each of first conductive
and only three gate wires 92 of the pixel portionare illustrated
in order to simplify the description. The source wires 91 of
the pixel portion are designed as bands arranged in parallel,
and the interval thereof is egqual to the ?ixel pitch.

Fig.lZisalscablockdiagramtoperformadigital driving
operation. In this embodiment, a source side driving circuit
93, a pixel portion 94 and a gate side driving circuit 95 are
provided.Inthespecification,thedrivingcircuitisageneral
term containing a source side driving circuit and a gate side
driving circuit.

The source side driving circuit 93 comprises a shift
register 93a, a latch (A) 93b, a latch (B) 93c, a D/A converter
93d and a buffer 93e. The gate side driving circuit 95 comprises
a shift register 95a, a level shifter 95b and a buffer 95c.
If necessary, a level shifter circuit may be provided between
the latch (B) 93¢ and the D/A converter 934.

In this embodimeﬁt,eicontactjportion.exists between the
source side driving circuit 93 and the pixel portion 94 as shown

in Fig. 12. This is because the source wires of the source side
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| ayers 707, 708 has a tapered portion. In the manufacturingl fetAbR085
achieving the structure of Fig. 11B, the nunber of photonmasks needed to
forman active matrix board can be reduced to six. This enbodi nent may be
freely conbined with any one of. the first to fourth enbodi nents. 40 1 7
MAY 2005 Sixth Enbodi nent This enbodinent is characterized in that the
source wires of the pixel portion and the source wires of the driving
circuit are forned in different processes. In the follow ng description,
only the drivérentipoibatsanil thbesdesceibires P hwte tdet aiillkedi portreher ence
to Fig. 12. In Fig. 12, only three source wires 91 and only three gate
wires 92 ofetfwrmpgddln pbetdbhf arent |fustasdesd. Inntlor demiiaalisuarpt i ftyret he
description. The source wires 91 of the pixel portion are designed as
bands arr angedeiwipas @ifl the piawl pbhetiloheavalf drirerdeof mest cagusal hiaritmlye pi xel
pitch. Fig. 12 is also a block diagramto performa digital driving

oper at i onlowrretshistaanbmdamdnthusatsoynece Sohe:dlihwihegpcoE€sis i fFdreatpi xel
portion 94 and a gate side driving circuit 95 are provided. In the

speci f i catirom,tHdeofrihd agueteatiirted 6famgesetbte stid@erdeDni @i kiiAgud tsour ce
side driving circuit and a gate side driving circuit. The source side
driving circuitIifXoRprisieémbodimbht , rag sbarc@3airas loat el {118 pA3R1 a

|l atch (B) 93c, a D/ A converter
portion are formed by using the sputtering method, and then
etched by using the photolithography method.

Inthisembodiment, the sourcewires 91 of thepixel portion
are formed by using another method (plating method, print
method} .

Fig. 13A shows a case where source wires 801 of the pixel
portion are formed by using the plating methed (electroplating
method). The source wires 801 of the pixel portion are formed
in a layer different from that of the gate electrodes 803, 804.

According to the plating method, DC current is supplied
into water solution containing metal icons (plating material
source)} to form a metal film on a cathode surface. As metal
to be plated may be used copper, silver, gold, chromium, iron,
nickel, platinum or alloy thereof, for example.

In the plating method, the £film thickness may be suitably
set under the control of current density and a plating time
by an executor.

In this embodiment, the wires are formed on the first

interlaver insulating filmbyusing the photolithographymethod,
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93d and a buffer 93e. The gate side driving circuit 95 conpYig&s 2065 shift
regi ster 95a, a level shifter 95b and a buffer 95c. |If necessary, a |evel
shifter circuit nmay be provided between the latch (B) 93c and the DA
converter 93d. In this enbodi nent, a contact portion exists between the
source side driving circuit 93 and the pixel portion 94 as shown in Fig.
12. This is because the source wires of the source side 41 1 7 MAY 2005
driving circuit and the source wires 91 of the pixel port; on are forned

in the didrerdfn proeeasesiln 4 aompenbsdf ¢EMed athehesyuFEacqiafesash t he
pi xel portion are formed of material having |ow resistance, and thus they
are formedire bhetlpe crlalking fmefked tq compledte dhea Fousesr vérwisr-eShef t he
source side driving circuit. In the first enmbodi ment, the source wires 91
of the pisebrepord iodrtignan ftor hled dnuned wgrelsecs pihe eriasgntetthydntand t hen
etched by using the photolithography nethod. In this enbodi nent, the
sour cew riesc@isefthdie Ip et ipol tiemi s ared dheed dfy iasvayy ahot hdm reehod
(plating nethod, print nethod). Fig. 13A shows a case where source wires
801 of thsupseelenporttems, arpital MEA $HY2 sbowg 1heigl at3hgameteddrmed
(electroplating nethod). The source wires 801 of the pixel portion are
formed iaceotdayeyg tof theenethpdnofhaheofitbhe gabedehleatrodes 803, 804.
According to the plating method, DC current is supplied into water
solution contaihigg NEB adhdwnSa (Jasat whereatrei sburce wires 901 of the
pixel portion are formed by using the print method (screen print
method) .
According to the screen print, a plate having a desired
- opening pattern is used as a mask, and paste (diluent) or ink
mixed with metal particles (Ag, Al or the like)} is formed on
asubstrate servingas aprint medium through the openingportion
of the mask, and then the substrate thus printed is burmned to
form wires having a desired pattern. The print method as
described above is relatively low in cost and can provide a
large-area print pattern, and hence, is suitable of the
invention.

In this embcediment, only the source wires of the pixel
portion are formed in the l1ine direction on the £irst interlayer
insulating film using the screen print method. The source wires
901 of the pixel portion are formed in the layer different from
that of the gate electrodes 903, 904.

In the manufacturing method of achieving the structure

of Fig. 13B, the number of photomasks needed to form the active
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source) to forma netal filh1on a cat hod ‘ -
_ e surface. As net gl
may be used copper, silver, gold, chromum iron, nickelq EI%@?E@Q?L?tEd

gLIgﬁiEgg{soféeIoLngé?nFLg.ngt:QF p}ating nmet hod, the filmthickness may
_ nt of current density and a [ [
by an executor. In this enbodinent, the wires are fo?ned on ELZt;P?sEIHE

Egggrgﬁée[hLRSulating filmby using the photolithography method, 42 1 7 MAY

by the platin a neLaI film(copper) is formed on the surface of each wire

(ot haMabEig g method t @ .ComphRiR the faur.ce wires. The copper is optinum
e Wres of the present invention because the electrical

resistance thereof  js.v I }
ance thereof 1S yary J Qe lhd e sosbsequeas Siceps, thae e L
shown in Fig. ¥3a canlbe %orned according to the nethgd’of Fﬁigiirgg o0z

enbodi nent.. Fig. .

CDOdl et o i SR ANIOLR, G SRErGydie GOUNDe gites B0L TIdahe i xel

According t : . reen print nmethod).

used a@ékﬁég%?%ﬁﬁiﬁigwb%Hﬁﬁ&éhﬁ%@%?r?ﬁfmﬁﬁfiiFﬁi?ﬁdef“%*“W@P@;tter” S

Al or the like) js formed on : W metal particles (Ag
2y i sYbSfAl Greep¥bRgaes w poh ’

t he opetsfy FOPAUGHT V6 Fﬁ?rﬁaga, an&ﬁﬁﬂeﬁ the sﬁ%stratg tﬁﬁsﬂg??ﬁgggh{gugh

burned to formw res haying Si .
. ‘s [ t
descr tmap sbinaal spraractobr 971 B ROGESE ARG Can provide o

In this embodiment, the conductive layers 905a, 905b are
formedinthesame;mocessasthegateelectrodes.Subsequently,
the impurity elements are activated while the gate electrodes
arenotcoveredbytheiﬂsulatingfilm.Asanactivatingmethod,
a thermal annealing treatment is carried out under reduced
pressure in an inert atmosphere so that increase of resistance
of the conductive layers due to oxidation of the conductive
layers can be suppressed. Subsequently, the source wires 206
are formed so as to be filled between the conductive layers
905a, 905b by using the print method. The wire breaking which
is liable to occur in the print method can be prevented by
providing the conductive layers 903a, 905b along the source
wires 906.

Inplaceofthescreenprintmethod,aletterpressprinting
method using a rotating drum, an intaglio printing ﬁethod and
various offset printing methods may be applied to the present
invention.

The source wires 91 of the pixel portion can be formed

by the various methods as described above.
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| arge-area print pattern, and hence, is suitable of the invepgtihoe In this
enbodi nent, only the source wires of the pixel portion arle r in the
line direction on the first interlayer insulating filmusing the screen
print nmethod. The source wires . 901 of the pixel portion are fornmed in the
| ayer different from that of the gate el ectrodes 903, 904. In the

manuf acturing nmethod of achieving the structure of Fig. 13B, the nunber of
phot onasks needed to formthe active 43 1 7 MAY 2005 nmatrix board can be
reduced to fourThFiRixaBEIHovEn £ L esd biidrse PdoFade Piikeds .988doft THE pi xel
portion are fornmed in the sane |ayer as the gate el ectrodes by using the
print nmetébem¢REdeeprpriiAdedne? kadh of [thet hdufol |mwisiaws - fagahegondaeyi ve

| ayers 905a, 905b are provided to enhance the positional precision of the
source w gebe 9gtred Thegingitsed [tp tihes getreodidentdrivhegcohdautitvareayers
905a, 905b are fornmed in the sane process as the gate el ectrodes.
Subsequemtyyidéedeto nphe igixel grrertiomrEd dot paatédewhicbeohbeagatier.

el ectrodes are not covered by the insulating film As an activating

met hod, a therxajatenrdald dgitvrieat oRRtui s way rveclou pundeardadedicede
pressure in an inert atnosphere so that increase of resistance of the
conduct i veppayets gite tteo okedaitonidle Gheviagduticwet dmawans caspbet
suppressed. Subsequently, the source wires 906 are formed so as to be
filled betseene thexeDnNploetive bayeFSrther, when the device is driven

in the analog style, a sampling circuit may be provided in place
of the latch circuit.
The above construction can be implemented according to

the manufacturing processes of the first to £ifth embodiments.

Seventh Embodiment

The driver c¢ircuit and the pixel portion in accordance
with the present invention canbe used in variousmodules {(active
matrix type liquid crystal module, active matrix type EL module
and active matrix type EC module). In other words, the present
invention can be applied to all of the electronic eguipments

having these modules as the display section.

The following can be given as examples of the electronic
equipment: videc cameras; digital cameras; head mounted
displays (goggle type display): car navigation systems:
projectors; car stereo: personai computers; portable

information terminals (such as mobile computers, portable
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905a, 905b by using the print method. The wire breaki ng whil dhMAYs288abl e to
occur in the print nethod can be prevented by providing the conductive

| ayers 905a, 905b along the source wres 906. In place of the screen print
method, a letterpress printing -nmethod using a rotating drum an intaglio
printing nethod and various offset printing nethods nmay be applied to the
present invention. The source wires 91 of the pixel portion can be forned
by the various nethods as described above. 44 1 7 MAY 2005 The pi xel
porti on 94edephaines pingr ellepitxelndc antleaodkT. ehenexndmp se psHVitded: tias each
of the plural pixels. Further, many gate wires 92 connected to the gate
side drivishgwai douiFtigsr.e 15praond deéd to the pixel portion 94 in parallel to
one another. A gate side driving circuit may be also provided at the

opposite side tq.the t e dr|V|n ircuit .95 wit spect 0. the
pi xel portion gg bFu%?% %h% Whe it Pﬁgsagvi §°m§u§rFVeﬁn ﬁ' Hé“ﬁﬁgﬁﬁbf%tyle

I ded i h t.. Th
Sbove conderaebren 28 q”%%%‘gﬁémat RS GoPe” RHL TRl Ry
processes f the % t fttbn g nments. Sevent h Enbodi ment. The driver
circuit ad the e%%??rgﬁq % PR Ee R A O S Of £8 SPPHLGARES on can

be'used 1 VaEL0Us TOY 85, Yo,

Fig. 15B shows a mobile computer, and it includes a main
body 2201, a camera section 2202, an image receiving section
2203, operation switches 2204, and a display portion 2205. The

present invention is applicable to the display portion 2205.

Fig. 15C shows a player using a recording medium which
records aprogram (hereinafterreferredtoas arecordingmedium),
and it includes a& main body 2401; a display portion 2402; a
speaker section 2403; a recording medium 2404; and operation
switches 2405. This player uses DVD (digital versatile disc),
CD, etc. for the recording medium, and can be used for music
appreciation, film appreciation, games and Internet. The

present invention is applicable to the display portion 2402.

Fig. 16A shows a portable book (electronic book), and
it includes a main body 3001, display portions 3002 and 3003,
arecerdingmedium 3004, operation switches 3005, and an antenna
3006. The present invention can be applied to the display

portions 3002 and 3003.

Fig. 16B shows a display, and it includes a main body
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matrix type liquid crystal nodule, active matrix type EL frdddiA¥ 280hd active
matrix type EC nodule) . In other words, the present invention can be
applied to all of the electronic equipnents having these nodules as the

di splay section. The follow ng can be given as exanples of the electronic
equi pnent: video caneras; digital caneras; head nmounted displays (goggle
type display); car navigation systens; projectors; car stereo; personal
conputers; portable information term nals (such as nobile conputers,
portabl e 4571, TaMaNPROOS s&hephdnés .anddebedticphiny porebhookpl10Bn @kanpl e of
these is shown in Figs. 15 and 16. Fig. 15A shows a personal conputer, and
it includesegentminvéotdyor00dn wnappdded hputhsetismdm2 o2t iandBdpBay
portion 2003, and a keyboard 2004. The present invention is applicable to

Lhe di spiay POLEhoNaBR0caPh. rlnBesheveng gPQgL_-StCQIWgB%&oHaQQ rhukncl baes

a main body 2201, anera sec hage recerving section 2203,

R A
recor di ngtﬁe%g':%mlé]SHUlgmﬁﬁil rggggﬁr%%% ‘bod " §§5f ta{ledii Fg
2402 2403: .

owi tchos SaoBoREREc s the  SoRelinBRR e Dbr Seprinacd ooy HSiE

constituticon of any combination of Embodiments 1 to 6.

e
Il
p
d
p
0

As described;above, according to the present invention,
lower power consumption can be performed for a semiconductor
device represented by an active matrix type ligquid crystal
display device even when the area of the pixel portion is
increased and thus the semiconductor device has a large-scale

screen.
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CD, etc. for the recording nedium and can be used for nuﬂf%\ﬂgﬁdmg%iation
filmappreciation, ganes and Internet. The present invention is applicable
to the display portion 2402. Fig. 16A shows a portable book (electronic
book), and it includes a main .body 3001, display portions 3002 and 3003,

a recordi ng nedi um 3004, operation switches 3005, and an antenna 3006. The
present invention can be applied to the display portions 3002 and 3003.
Fig. 16B shows a display, and it includes a nmain body 46 1 7 MAY 2005 3101,
a suppor twigtmanes 3d02im@amdr@ di spl ay portion 3103. The present invention can
be applied to the display portion 3103. The applicable range of the present

inventiomijs thu%mm@ﬁdﬁﬁﬁﬁﬂ@&(Hbviﬁgi¢&m §i§9§§1ble to apply the present
invention to electronic equipnment in all el Further, the electronic

equi pment  of t@ﬁmlmaﬂn@@%ﬁ% rmlgﬁ%me&%mgaaplmstltutlon of
any conbi nati on of Enbodi nents to 6. As described above, according to the

present 'nVenthPBecoh@Wﬁ&ﬂQﬂWﬁ&L€9E§Uﬂ¥ﬁb98v£§8d9§1&%&3@&Hﬁﬁciﬁéu§t

sem conductor device represented by an active matrix typeliquid crystal
di spl ay dgygce even when the area of the pixel portion is increased and
t hus the sem conductor device has a | arge-scale screen. 47 | 7 NMAY 2005

a third n-channel type TFT provided in said driving

circuit,

wherein the gate electrode of each of said £ilrst n-channel
type TFT, said secondn-channel type TFT and said third n-channel
type TFT has a laminate structure comprising a first conductive
layerhavinga firstwidthasalower laver and a second conductive
layer having a second width smaller than the first width as

an upper layer.

2. A semiconductor device comprising:

a first n-channel type TFT provided in a pixel;

a second n-channel type TFT provided ina driving circuit;
and

a third n-channel type TFT provided in said driving
circuit,

wherein the gate electrode of said first n-channel type
TFT has a laminate structure comprising a second conductive
layer and a first conductive layer having the same width as
said second conductive laver, and the gate electrode of each

of said second and third n-channel type TFTs has a laminate
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WHAT IS CLAIMED IS 1. A semniconductor device conprising: &7 MA¥t Zii5channe
type TFT provided in a pixel; a second n-channel type TFT provided in a
driving circuit; and a third n-channel type TFT provided in said driving
circuit, wherein the gate el ectrode of each of said first n-channel type
TFT, said second n-channel type TFT and said third n-channel type TFT has
a lamnate structure conprising a first conductive l|ayer having a first
‘width as a | ower layer and a second conductive |ayer having a second w dth

smal | er theruéhe-disshpM 8iAgas £ AN URRRIaJAY e 14veh RELGQNEUES pE+device
conprising: a first n-channe? type TFT provided in"a pixel; "a second

n-channely{ype J€Ta pi@:)!éfleﬁaizé‘raalq&ié(ié'egc&iuﬁcé'&ﬂdu@@gﬁé iQ%éQ lltﬂa@hﬁlane'
type TFT provided in said driving circuit, wherein the gate el ectrode of
sai d firsf JxchanfelichyPRa1 1ET PAsn a AP Rke,SHEHCIAN | $Lpg.a second
conductive |ayer and a f?rst con ﬁCJFSel?ggew gvi%%6§h33§§%e§%?%fh as

sai d second conductive |ayer, and the gate el ectrode of each of said
second and third n-channel type TFTs has a lam nate 48 1 7 MAY 2005

3. A device according to claim 1, wherein an EEMOS circuit
or an EDMOS circuit is formed by said second n-channel type

TFT and said third n-channel type TFT.

4. A device according to claim 2, wherein an EEMOS circuit
or an EDMOS circuit is formed by said second n-channel type

TFT and said third n-channel type TFT.

5. A device according to claim 1, wherein each of said
n—channeltypeTFTscﬁfsaiddrivingcifcuithasEigateelectrode
having a tapered portion, a channel-forming region overlapped
with said gate electrode and an impurity region

partially-overlapped with said gate electrode.

6. A device according to c¢laim 2, wherein each of said
n-channel type TFTs of said driving circuit has a gate electrode
having a tapered portion, a channel-forming region overlapped
with said gate electrode and an impurity region

partially-overlapped with said gate electrode.

7. A device according to claim 1, wherein each of said first
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structure conprising a first conductive |ayer having a fi {TsSMAY 808 h as a
| oner | ayer and a second conductive |ayer having a second width snmaller
than the first width as an upper layer. 3. A device according to claim1;
wherein an EEMOS circuit or an EDMOS circuit is formed by said second
n-channel type TFT and said third n-channel type TFT. 4. A device
according to claim2, wherein an EEMOS circuit or an EDMOS circuit is
formed by said second n-channel type TFT and said third n-channel type

TFT. 5. %n@@é’é&@n&%‘arﬁ'xﬁgdhocﬁhﬁhré‘llrf"i@ gagh%aw ei:ﬁit gl%gpel type

TFTs of said dr|V|ng circult has a gate e

port 1 on. urhAgls Toskascreg on, Siﬁ?ppaﬁdah Wl S s,

an |npur|ty regi o over apped w

devi ce a%%?r%)qjl%%st%l%ja A4y 1 eclr$ec rlg‘gragf of radletncthgg‘g%os oeruTsFTs of

said driving circul S a ga avi aper a

h | - f, 1 1 t 5 el gt d t
regi on pgﬁﬁﬁrﬁ‘&%%'ve? Oépe%g?ﬁﬁﬁxg? Qai{%doe?e%f?rﬁai S A A d i
di 1, wh h of df t 49 1 7 Y 2005 d d
and thi 1 &5 °8ﬁ§ﬁh§ruﬁp+§e%§' Reea & Phpteresdrati e COmaTn dgon

phosphor reln d said i urlty re ion conprises an area having a
concentr%% IO h q?ﬁﬁi S%hge fromat |east 1x1017 to
1x1018/ cnB, and concentration

8. A device according to claim 1, wherein each of said first
and second and third n-channel TFTs comprises an impurity region
containing phosphorus therein, and said impurity region
compriseszn1areahavingziconcentrationgradientcﬁfphosphorus
:Hltherangefromen:leastlxlOtholxlom/cm3,andconcentration
of phosphorus in said area is increased as the distance from

the channel-forming region is increased.

9. A device according to claim 1, wherein the source wires
of said n-channel type TFTs of said driving circuit and the
source wire of said n-cannel type TFT of said pixel porticn

comprises different materials.

10. A device according to claim 2, wherein the source wires
of said n-channel type TFTs of said driving circuit and the
source wire of said n-cannel type TFT of said pixel portion

comprises different materials.
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of phosphorus in said area is increased as the distance from te

channel -formng region is increased. 8. A device accordi th? Ve gﬁ‘im 1,
wherein each of said first and second and third n-channel TFTs conprises
an inpurity region containing phosphorus therein, and said inpurity region
conprises an area having a concentration gradi ent of phosphorus in the
range fromat |east 1x1017 to 1x1018/cnB, and concentration of phosphorus
in said area is increased as the distance from the channel -form ng region

is increappd. 9 d?e@'fc\!écﬁcé(%%]@&ﬂbf‘%ot 1l M 1y iersl %{%ﬁué&é‘%&&“ res

of said n-channel type TFTs of said driving circuit an source wire of

said n- Ca@&%eé‘%@% Jf’g_h Q:jai%iif I%'é:xﬁl-cﬂﬁgll‘l%?nty%er;ﬁref; %)e.\r%vq_iée;de&%ngaid

materials. 10. evice according to ¢ 2, the source " wres of

sai d n_Cg%%%$it%ﬁﬂ¥EﬁE%L%fgflﬁ%gg'gﬁi%ng gireuldy and the Hécﬁfgﬁée of

L
said n-c sai i Xxel” portron ‘conprises 't rere

material s . 2005 . devi ce according to claiml, wherein a
source mﬁ?%ég%%%%% te% g?th&éa?gafggét n-channel type TFT provided in said

pi xel conprises at |east one material selected fromthe group consisting
of Al, Cu and Ag. 12. A device according to claim?2, wherein a source wire

connecte ith satd first n-channel type TFT prqvided in said pixel
conprisegléi Iéisée%h%enﬁngF aneﬁgbfgﬁﬁqwﬁntﬁh?iﬁ%ﬁu? source wire
connected with said first n-channel type TFT provided in said

pixel comprises at least one material selected from the group

consisting of Al, Cu and Ag.

13. A device according to claim 1, wherein a source wire
- connected with said first n-channel type TFT provided in said
pixel is formed by a sputteringmethod, a print methed, aplating

method or any combination thereof.

14. A device according to claim 2, wherein a source wire
connected with said first n-channel type TFT provided in said
Pixel is formed by a sputteringmethod, a print method, a plating

method or any combination thereof.

15 A device according toclaim l, wherein said semiconductor

device is a reflection type ligquid crystal device.

16. A device according toclaim 2, wherein said semiconductor

device 1s a reflection type liguid crystal device.
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consisting of Al, Cu and Ag. 13. A device according to clhilnMAY MWBrein a
source wire connected with said first n-channel type TFT provided in said
pi xel is formed by a sputtering nmethod, a print nmethod, a plating nethod
or any conbination thereof. 14.. A device according to claim2, wherein a
source wire connected with said first n-channel type TFT provided in said
pi xel is formed by a sputtering nethod, a print nmethod, a plating nethod
or any conbi nation thereof. 15. A device according to claim1, wherein said
sem conductor device is a reflection type liquid crystal device. 16. A

devi ce according to claim 2, wherein said sem conductor device is a

fef'eCt'Oﬂ7tprAb!qqkﬂagéaéiéanQ¥JE§alé%_1wﬂeP®¥ 2005 4dmiBoHaYULESE

according to claim1l1, wherein said sem conductor device Is a transm ssi on

type |iquydyerysial d%).‘hﬁ@mlé@loﬁ‘@ écflgﬁi{irgk?gtﬁ Eila@}Lgla?’ wherein said

sem conduct or deV|ce I's a transmssion type [iqu crystal device. 19. A
devi ce according to claim1l, wherein said sem conductor device is a video
canmera. 20. A device according to claim2, wherein said sem conductor

device i S vid % qu_%r3‘co§%dlﬁgq:evclsEgllﬁ%c,g{zﬁieﬁgae saldasemlb nge.lr %I p said

sem conduc or devicélis a canera Vi ce accor I'ng t CI aim
2, wherei 8ex§f<5g fgn}:lcgggHg}nQSSJ_on type liquid crystal device.

19, A device according toclaiml, wherein said semiconductor

device is a video camera.

20. A device according toclaim 2, wherein said semiconductor

device is a video camera.

21. A device according toclaiml, wherein said semiconductor

device is a digital camera.

22, A device according to claim 2, wherein said semiconductor

device is a digital camera.

23. A device according toclaiml, wherein said semiconductor

device 1s & car navigation.

24. A device according to claim 2, wherein said semiconductor

device is a car navigation.
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device is a digital camera. 23. A device according to clai mfAMAHEEDS n said
sem conduct or device is a car navigation. 24. A device according to claim
2, wherein said senm conductor device is a car navigation. 52 1 7 MAY 2005
25. A de-ice according to claim1l1, wherein said sem conductor device is a
personal conputer. 26. A device according to claim2, wherein said

semni conductor device is a personal conputer. 27. A device according to
claim1l1, wherein said sem conductor device is a portable information

terninal.228. A druicR 8668+ding r.tcpc%@w 2un¥Pes 81k 155 dmSEBLEARAYEL OF
device is a portable information termnal. 29. A device according to claim

1, whereifesai-d §§nhc?gggghgi deMpagels a digital video disc player. 30. A
device according to clTaim 2, wherein said sem conductor device is a digital

vi deo disc player. 31. A device according to claim1, wherein said
sem conductor device is an electronic ganme instrunment. 32. A device

Gar | nat7bient 5y T RRG 908 5aE PR AL B A ap s PRgBLBEbET ©
sem conduglof .deyicg Pa¥iBial computer.

27. A device according toclaim 1, wherein said semiconductor

device is a portable information terminal.

28. A device according toclaim 2, wherein said semiconductor

device is a portable information terminal.

29. A device according toclaiml, wherein said semiconductor

device is a digital video disc plaver.

30. A device according to claim 2, wherein said semiconductor

device is a digital wvideo disc player.

31, A device according toclaim 1, wherein said semiconductor

device is an electronic game instrument.

32. A device according to claim 2, wherein said semiconductor

device is an electronic game instrument.
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a driving circuit and a pixel over an insulating surface, said nethod
conprising:. formng a sem conductor |ayer over an insulating Havfomse;
forming a first insulating filmover said sem conductor layer; formng a
first gate electrode over said first insulating film doping an inpurity

el ement providing n-type into said sem conductor |ayer by using said first
gate electrode as a mask to forman n-type first inpurity region; etching
said first gate electrode to forma tapered portion; doping an inpurity

el ement providing n-type into a sem conductor |ayer while passing through
said taper portion of said first gate electrode to thereby forman n-type

second igpurity JAH M ol RENL LY AL RGN JASH A NG I il SR eaRal Pngover

said first gate electrode; formng a Source wre of said pixel over said

second ié‘%yi%id’ggcf-iﬂc%&f 3581'51@%%#3“?5@1-!Qﬁ%r?édl”&fﬂ%@u%‘%a t Qaﬁgver

said source wre of said plxe ormng a source re of sal riving
circuit qggtﬂo@aégmééigiggwﬁY 2005 wire over said third insulating film

forming a semiconductor layer over an insulating surface;

forming a first insulating £film over said semiconductor
lavyer;

formingeafirstgateeiectrodeoversaidfirstinsulating
film;

doping an impurity element providing n-type into said
semiconductor layer by using said first gate electrode as a
mask te form an n-type first impurity region;

etching said first gate electrode to form a tapered
portion;

doping an impurity element providing n-type into a
semiconductor layer while passing through said taper portion
of said first gate electrode to thereby form an n-type second
impurity region;

forming a second insulating £film so as to cover said first
gate electrode:

forming a source wire of said pixel over said second
insulating f£ilm;

forming a third insulating £film so as to cover saild source
wire of said pixel; and

forming a source wire of said driving circuit and a gate
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34. A nethod of manufacturing a sem conductor device havi gg-gr?n @
n-channel type TFT having a first sem conductor | ayer I'rst gate

el ectrode over an insulating surface, and a second n- channel type TFT
havi ng a second seni conductor |layer and a second gate el ectrode, said

met hod conprising: formng a first sem conductor |ayer and a second

sem conduct or | ayer over an insulating surface; formng a first insulating
filmover the first sem conductor |ayer and the second sem conduct or

layer; faimengvat keast thwedl iihsh1g3tiecelgqty.odes over the first
insulating film doping inpurity elenments providing n-type into the first

sem conduct or | ayer and the second sem conductor |ayer by using said two
first gate electrodes as nmasks to format least two n-type first inpurity

regions; guching ﬁ@tﬁoaveﬁ f h%tfa% ﬁ{gestéeﬂféoﬂ&ué%@&a%eeﬂava é}' ons

of said two first gate el ectrodes; dopi'ng an |npur|ty el enent provi

t f t
Payéfem}q.”%gf*%ﬁg;? Elan eI CA b oL YT s DG SRS AETC9NdNC Sét e
el ectrodeg, ﬁig&ét%59%5é1é¥9r8déyg§e§%§OnﬂnﬁﬂPQ{kdyf :gﬁons %1ect|vely

renoving on y “the tapered porfion of° one of ~sard gat €761 éct r odes
over sai d_3egQAd, SEALERAYUES AL 7 haliMEYa 20050 h Sl RIS 9552 gate

el ect r ode;

and a second gate electrode, said method comprising:

forming a £first semiconductor layer and a secénd
semiconductor layer over an insulating surface;

forming a first dinsulating film over the first
semiconductor layer and the second semiconductor laver;

forming at least two £irst gat.e electrodes over the first
insulating film;

doping impurity elements providing n~type into the first
semiconductor layer and the second semiconductor layer by using
said two first gate electrodes as masks to form at least two
n-type first impurity regions;

etching said two first gate electrodes to form tapered
portions of said two first gate electrodes;

dopingan impurityelement providingn-type into the first
semiconductor layer and the second semiconductor layer while
passing through said tapered portions of said two first gate
electrodes to form at least two n-type second impurity regions;

selectively removing only the tapered portion of one of

said two first gate electrodes over said second semiconductor
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formng a second insulating filmso as to cover the first qtﬁAfvgﬁgrode
and the second gate electrode; formng a source wre of a pixel sai d
second insulating film formng a third insulating filmso as to cover said
source wre of said pixel; and formng a source wire of a driving circuit
and a gate wre over said third insulating film 35. A nethod according to
claim34, wherein said first n-channel type TFT having said first gate

el ectrode is an TFT of sai d driving circuit. 36. A nmethod according to

claim 34, éygy §ggqg% TFT having said second gate
electrode I's a TFT of sal plng cgy od according to clain133,

wherein a pixelggl n@ t [ Wre
of said driving gﬁ%%t?gﬁﬂggai&% é%gg% ﬁ%ga%dagfgﬁmﬁﬁgﬂe ereln t he

formatio C o] ttering nethod, a
print net th eS‘Laé(?c Qin% aﬁrle o%eé&{&in% natelioencﬁecfeof 56 1 7 MAY 2005

39. A hod wh de h
e A ot s SgFFs‘?Fr‘m"”g”a%???tPelr St vet el e A e

wi dth as | ower | ayer and a second conductive |ayer having a second wdth
smal ler t ‘the first width as

forming a third insulating £ilm so as to cover said source
wire of said pixel; and
forming a source wire of a driving circuit and a gate

wire over said third insulating £ilm.

35. A method according to claim 34, wherein said first
n-channel type TFT having said first gate electrode is an TFT

of said driving circuit.

36. A method according to claim 34, wherein said second
n-channel type TFT having said second gate electrode is a TFT

of said pixel.

37. A method according to claim 33, wherein a pixel electrode
is formed at the same time as said source wire of said driving

circuit.

38. A method according to claim 33, wherein the formation
of said source wire of said pixel is a sputtering method, a

print method, a plating methed or a combination thereof.
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.an upper layer. 40. A method according to claim 39, mherein?aﬂé%cgm%nal

shape of an area of said first conductive |ayer that

wi th said second conductive |ayer is a tapered shape. 41. A nethod
according to claim34 , wherein a pixel electrode is fornmed at the sane
time as said source wire of said driving circuit. 42. A nethod according
to claim 34, wherein the formation of said source wire of said pixel
sputtering method, a print nethod, a plating nmethod or a conbi nation

t her eof .
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39. A method according to claim 33, wherein said first gate
electrode has alaminate structure comprisingafirst conductive
layerhavingafirstwidthasalowerlayerandasecondcondﬁctive
layer having a second width smaller than the first width as

an upper layer.

40. A method according to ¢claim 39, wherein a sectional shape
of an area of said first conductive layer that is not overlapped

with said second conductive layer is a tapered shape.

41. Amethod according to claim 34 , wherein a pixel electrode
is formed at the same time as said source wire of said driving

circuit.
42, A method according to claim 34, wherein the formation

of said source wire of said pilixel is a sputtering method, a

print method, a plating method or a combination thereof.
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